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INTRODUCTION 
The economic necessity for high crop yields and low fer­
tilizer prices has caused some farmers to use above recom­
mended rates of fertilizer on high value row crops in past 
years. This practice was followed on the assumption that the 
high rates might provide added insurance against fertility 
limiting crop production under extreme environmental condi­
tions and that any excess would be an investment toward future 
crop needs. Other reasons offered for the higher nutrient 
rates were increased tolerance to diseases and insects, in­
creased resistance to plant lodging, and improved crop 
quality. 
Two field experiments were instigated in central Iowa 
in 1965 to measure any favorable or unfavorable effects of 
extremely high rates of fertilizer on the corn crop. The 
exaggerated rates included annual rates of N, P and K up to 
1200, 450 and 900 pounds per acre, respectively. It was 
hoped that such rates might provide some information in a 
reasonable period of time and produce effects which could be 
more easily identified than if produced gradually by more 
conventional rates. 
Detailed data were collected from these experiments from 
1965 through 1967 and the results summarized at the conclu­
sion of this three-year period. The experiments were con­
tinued on a limited basis for an additional four years. Both 
2 
sites were soil sampled at the end of the study and one was 
resampled seven years later. This thesis is primarily con­
cerned with analysis and interpretation of the yield and soil 
test data obtained during the later part of this study. 
Specific objectives were to evaluate the effects of con­
tinued application of very high rates of N, P and K fertil­
izers on: 
(1) Corn yields over a four-year period, 
(2) Soil-test levels developed in the surface soil, 
(3) Depth of nutrient movement downward into the soil, 
(4) Changes in soil-test levels with time after cessa­
tion of fertilizer application. 
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LITERATURE REVIEW 
After World War II, the use of commercial fertilizer be­
came widespread and the response of crops to fertilizer has 
been well-documented for rates of fertilizer where an eco­
nomically feasible return could be realized. Since the litera­
ture is so well-documented in this area, no attempt will be 
made to review it. There is, however, less information in the 
literature on the use of above optimum rates of fertilizer, 
which will be reviewed in this section. 
Response to Applied Factors 
Much of the soil fertility research has been concerned 
with the effects of N fertilization on yields. A number of 
workers have observed maximum yield responses to N in the 
range of 100 to 200 lb/A. Some have reported small increases 
from higher rates but these have seldom been profitable 
responses. 
Sutherland et al. (1961) reported that continuous corn 
culture responded to applied N up to approximately 224 kg/ha 
in Iowa. Pesek et al. (1959) found that highest yields of 
corn were attained with 200 lb N/A on Marshall silt loam and 
Seymour silt loam in Iowa. In a study located on Ida-Monona 
soils near Treynor, Iowa, corn yields from 1968 through 1973 
averaged 8 bu/A more on a watershed receiving 400 lb N/A than 
on a comparable watershed receiving 160 lb N/A annually. 
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Voss et al. (1974) reported a 7-year average yield advantage 
of 5 bu/A for increasing annual rates from 160 to 320 lb N/A 
in an experiment located on a Webster soil near Kanawha, Iowa. 
Similar trends have been observed by research personnel in 
other areas of the country. 
In a few studies involving forage crops response to higher 
rates of N fertilizer have been noted. Webster et al. (1955) 
conducted an experiment with bermudagrass and found yield re­
sponses to N up to 1400 lb N/A in one of the two years of 
experimentation. In other research with bermudagrass, Adams 
et al. (1967) found yield responses up to 896 kg N/A but 
noted a decrease from an additional 896 kg N/ha. This higher 
level of N caused a significant lowering of the soil pH which 
reduced yields. Application of limestone to neutralize the 
pH allowed the bermudagrass to respond to the highest level 
of N. 
Nitrogen fertilization has been reported to accentuate 
crop disease problems under some conditions. For example. 
Hooker (1962) indicated that corn stalk rot increased from 
16% on the control plots to 40% with the application of 80 
lb N/A. This effect was further increased by application of 
P with the N. He also reported that the incidence of leaf 
blight increased with increasing N and P. 
Crop responses to P fertilization have varied widely, 
depending upon many factors. The most important usually 
being the initial or soil test level of P and the interaction 
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between N and P on the effectiveness of P fertilization. 
Brown et al. (1956) conducted three experiments in Iowa and 
found that corn yield responded to P at two of the three 
sites. Responses to P were controlled by a strong NP inter­
action. Other examples of N rates and sources influencing P 
fertilizer effectiveness are cited in the literature , 
Much of the research involving high rates of P has in­
volved crops other than corn. Juska et al. (1965), using two 
varieties of Kentucky bluegrass, found that top growth con­
tinued to respond to P up to 1527 lb P/A. He found that K was 
limiting above 655 lb P/A and was needed for additional re­
sponses to P. Without the K, root yields decreased signifi­
cantly with additional P above 655 lb/A. 
Bingham et al. (1958) working with citrus found that 
shoot weights of new growth increased with P applications up 
to 360 lb P/A. Additional P caused decreases in weights as a 
result of P induced Cu deficiency. Little evidence has been 
reported of adverse effects from high rates of P fertilization 
per se. High rates of P have been observed to induce or 
accentuate micronutrient deficiencies in soils low in these 
elements. 
Rates of K fertilizer applied to corn grown for grain in 
the northcentral parts of the country generally range from 0 
to 150 lb K/A depending on native levels in the soil and on 
past fertilization practices. Some evidence indicates that 
higher rates may be beneficial for increased disease and 
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lodging resistances. Research involving high rates of K has 
been concerned not only with the effect of K but also with 
effect of the associated anion. Studies involving sources 
of K have shown that the CI anion in KCl may increase or de­
crease yields of corn, depending on the rate applied (Younts 
and Musgrave, 1958). They observed that K^SO^ was a more 
effective source of K when high rates were applied to corn. 
Jackson et al. (1966) indicated that increasing the CI 
level applied as KCl increased the Mn levels in the plants to 
toxic proportions, but the condition could be corrected with 
limestone application. Martens and Amy (1967) found that the 
application of KCl as fertilizer delayed the degeneration of 
the pith tissue in corn. This effect tended to reduce stalk 
rot and lodging. 
As a result of cation competition, high rates of K often 
reduce the Mg concentration in the plants. Peaslee and Moss 
(1966) indicated that high rates of K diminished photosynthetic 
rates in corn leaves as a result of widening the ratio of K to 
Mg in the leaves. 
In the initial three years of the study being reported 
in this manuscript, Powell and Webb (1972) reported the ef­
fects of high rates of N, P, K fertilizer on corn grain yields. 
Incremental rates of N, P, K up to 1200, 450, and 900 lb/A 
were applied annually for three consecutive years on the two 
sites. Maximum yields were reached with first or second in­
crements of the fertilizer variables applied in all site-years. 
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Yields were primarily influenced by applied N with P and K 
having diverse effects. The treatment combination of 400-300-
300 produced the highest yield at the Ames site, all three 
years, while no one treatment consistently produced the high­
est yields at the Kanawha site. From 49 to 80% of the varia­
bility in yields was accounted for by the applied fertilizer 
variables in the individual site-years. 
Some of the higher fertilizer rates tended to decrease 
yields in the second and third year of the study. These 
decreases were attributed to nutrient imbalance, to salt ef­
fects and to decreased soil pH from the applied N. 
Effect of P and K Fertilization on the Available 
P and K Content of the Surface Soil 
Plants grown on soil to which soluble P fertilizer has 
been added usually recover only a small proportion of the 
added P in the first year and progressively smaller proporr 
tions in succeeding years. The decrease in effectiveness of 
the P is thought to be caused by conversion of the soluble P 
into forms of lower solubility. A number of investigators 
have reported evidence of residual availability of previous 
applications of P fertilizers in the form of increases in the 
labile P of the soil measured by one or another of the various 
laboratory methods used to provide an index of the soil P 
available to plants. The rapidity and extent to which plant 
available P accumulates in soils depends largely on the rate 
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of fertilizer P applied and the "fixing capacity" or chemical 
nature of the soil. 
Eik et al. (1961) conducted a greenhouse experiment in 
which sorghum was grown on samples of soil collected in 1955 
from three Iowa field experiments in which 0, 13.1, 26.2, 52.3, 
and 104.7 lb p/A had been applied as superphosphate. The 
yield of P in the test crop increased linearly with the quan­
tity of P which had been applied to each soil and correlated 
well with P extracted from the soils by various chemical 
methods. 
Work in North Carolina by Kamprath (1967) on an acid, 
high iron, P fixing soil indicated that a long period of time 
was required for applied P to become unavailable. A large 
initial application enhanced the available P in the soil for 
at least 9 years as measured by corn growth. 
Peck et al. (1965) conducted an experiment to determine 
the cumulative or long-term effect of annual applications of 
commercial fertilizer on vegetable crops. During years of 
application of fertilizer P and K, residual soil P and K 
gradually accumulated in available forms as measured by soil 
test. The higher the rate of application of fertilizer P and 
K, the higher was the accumulation of available soil P and K. 
After application of fertilizer P and K was discontinued, there 
was a rapid decline in residual available soil P and K. How­
ever, after 8 years without application of fertilizer P and 
K, there was still a highly significant residual soil P effect 
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and a significant residual soil K effect in one of the two 
f ields. 
Novais and Kamprath (1978) conducted an experiment in 
which samples were collected from the Ap horizon of soils in 
North Carolina that had received heavy P fertilizer for many 
years. A greenhouse experiment was used to determine the P 
supplying capacity of these soils. All of the soils showed 
high residual P effects which were related to soil test levels 
and previous fertilizer application rate. 
Plant available K is primarily held in soils in an ex­
changeable form on the base exchange complex. It is generally 
recognized that applications of K fertilizer in excess of 
crop removal results in an increase in exchangeable K in the 
soil. The magnitude of increase is dependent on the rate of 
applied K, the fixing capacity of the soil for K, and on 
cropping and management practices. 
Bohling (1971) evaluated the changes in soil-test levels 
of P and K in four field experiments in Iowa which had received 
annual rates of P and K fertilizers for eight years. Calcula­
tions from his data indicate that at least five pounds of 
fertilizer P was required to raise the soil-test P level one 
pound at the end of the period. The higher rates were more 
efficient in this respect, suggesting that soil-test P levels 
may rise more sharply once any fixing capacity of a soil for 
P is satisfied. 
Potassium is not definitely known to be incorporated into 
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organic compounds essential for the existence of plants. It 
occurs primarily as soluble inorganic salts in the vegetative 
portion of plants. In the case of corn grown for grain, much 
of the plant K is returned to the soil in the crop residue. 
This form of K is water soluble and is rapidly released into 
the soil for future crop use. Grimes and Hanway (1967) showed 
that the K in crop residues was as available to plants as K 
added in KCl. With forage crops, most of the K is removed in 
the harvested portion and much higher rates of K fertilizer 
are required to meet the needs of the crop before any increase 
in soil levels can be attained. This problem is compounded by 
the fact that plants frequently absorb K in quantities in ex­
cess of that required for maximum growth. 
In a study in which K fertilizers were applied at differ­
ent rates for corn, Hanway et al. (1962) found the average 
increase in K content of the plants resulting from K fertilizer 
application was equal to 23% of the amount applied. Uptake 
of K fertilizer was inversely related to the level of exchange­
able K in the soil. No significant yield increases were noted 
where the exchangeable K level exceeded 160 pp2m except on an 
organic soil which had 192 pp2m of exchangeable K. 
Barber (1970) studied the effect of K fertilization on 
the corn crop on a Chalmers silt loam soil. The results of 
the experiment showed that at rates commonly used by farmers 
the effect of added K lasted for only two years on soils 
similar to Chalmers silt loam when the initial soil tests were 
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at the 160-pound level. Barber (1970) concluded that the 
short-term effects of added K were due to K fixation by these 
soils. 
White and Doll (1971) found that K additions of 2 to 4.5 
pounds were required to increase the exchangeable K level 
one pound, depending upon the soil texture. Soils with high 
percentages of clay required more K fertilizer to increase the 
exchangeable K levels in the soil because of K fixation. 
MacLean (1978) studied soil retention and plant removal 
of potassium added at an excessive rate under field conditions. 
The K was added as KCl at the rate of 744 kg/ha annually for 
three years. Yields of corn and grass were recorded on a dry 
matter basis. Soil samples were taken in 15-cm layers to a 
depth of 120 cm each year prior to addition of fertilizer in 
May and after harvest in September. MacLean concluded that 
there was no evidence of leaching of K below the 0- to 30-cm 
layer following addition of a total of 2,232 kg K/ha to a loam 
and a sandy loam soil during the three years. Since there was 
no evidence of added K accumulating in an exchangeable form 
below the 15- to 30-cm layer and all of it could not be 
accounted for by crop removal or soil tests, it was reason­
able to assume that K was fixed in a nonexchangeable form in 
the upper soil layers. 
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Effect of High Rates of N Fertilizer 
on Soil pH 
It has long been known that certain commonly used N fer­
tilizers cause soil acidity. In recent years considerable 
interest has developed in the relative value of different 
nitrogenous fertilizers. One of the important criteria in 
evaluating different nitrogenous fertilizers is their effect 
on soil reaction. In the southeastern states, where N fer­
tilizers have long been used and where many soils are sandy 
and become acid quickly, this problem has long been recognized. 
In the Midwest the rapid increase in use of N fertilizers has 
caused more interest in this area in recent years. 
Pierre (1928) conducted an experiment to determine the 
effect of various nitrogenous fertilizers on soil reaction. 
In a greenhouse study involving several N sources and soils, 
the H-ion concentration and exchangeable H levels in the soil 
were measured following cropping. Ammonium sulfate caused 
the greatest increase in H-ion concentration, followed by 
ammonium phosphate, ammonium nitrate and urea. 
In another experiment, Pierre (1927) used the concept of 
buffer capacity to study the acidity developed by ammonium 
sulfate in the greenhouse. It was found that the use of 500 
pounds of ammonium sulfate per acre caused the acidity of two 
soils to drop to pH 4.8, an acidity which is definitely in­
jurious to most crops. The application of 1,000 pounds per 
acre caused a lower pH value. A study of the acidity developed 
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from the use of ammonium sulfate on three experimental fields 
substantiated the above conclusions. 
A number of field experiments were started in Alabama 
by Volk and Tidmore (1946) to determine the effect of differ­
ent sources of N on soil reaction. Continuously cropping the 
soils at all locations for 11 to 13 years with the addition 
of N caused an average drop in the pH value of 0.21. When 
ammonium sulfate to annually supply 36 lb N/A was applied to 
soils for 11 to 13 years, the average soil reaction dropped 
0.51 pH. This was the greatest average drop in pH resulting 
from the application of the different N fertilizers used in 
this experiment. 
In the areas of intensive production of vegetable crops, 
large quantities of fertilizers often are applied. In a long-
term rotation experiment, Vittum et al. (1952) studied the 
effect of different sources and rates of application of fer­
tilizer materials on the pH and N, P, K and Mg content of the 
soil to which they were applied. They found a significant 
decrease in pH and Mg content and a significant increase in 
NOg-N, P, and K with increasing rates of application of 
complete fertilizer. 
The commonly used N sources develop acidity in the soil 
because during nitrification, or the oxidation of ammonium to 
nitrate, nitric acid is formed. Theoretically, the acidity 
produced by a pound of N would require 3,57 pounds of pure 
limestone for neutralization. Experimental measurements have 
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shown that under actual cropping conditions in the field con­
siderably less acidity develops. 
Pierre (1970) examined the changes in soil pH on several 
experimental plots which had received N rates for a number of 
years. He found that under a continuous corn cropping system 
13 annual applications of 180 lb N/A (NH^NG^) to a Marshall 
silty clay loam reduced the pH of the 0- to 6-inch layer 0,80 
of a unit and the 0- to 10-inch layer 0.35 of a unit. There 
was no change in the pH of the soil below a depth of 10 inches. 
Pierre et al. (1971) studied the quantitative effects of 
N fertilizer on the development and downward movement of soil 
acidity. The effect of NH^NO^ in a continuous corn cropping 
system was studied on four medium acid, prairie-derived soils. 
The amounts of acidity were measured by determining the quan­
tities of CaCOg required to bring the N-treated plots to the 
pH of the no-N plots. With amounts of N ranging from 1,525 
to 2,626 kg N/ha no changes were found below the 15-25 
cm layer. However, after a total of 5,600 kg N/ha had been 
used within 5 years, pH changes were found at a depth of 30 
to 45 cm. This larger amount of acidity developed per unit 
of N with the excessive N applications is explained by the 
lower percentage of fertilizer N recovered by the crop and the 
higher percentage remaining in the soil or leached as nitrates. 
Jolley and Pierre (1977) studied the soil acidity pro­
duced from long-term use of N fertilizer. Two N-rate experi­
ments in which corn had been grown continuously for 15 and 17 
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years were used. No significant increases in acidity were 
found in either soil below a depth of 30 cm. With amounts of 
applied N that produced near-maximum yields, soil nitrate 
accumulation was small, and the measured acidity was less 
than 30% of the theoretical. When excessive amounts of N were 
applied, however, relatively large amounts of NO^-N were 
found in the profile and nearly 50% of the theoretical acidity 
was developed. 
These authors concluded in general that (1) the principal 
forms of N used in Iowa had about the same effect on soil 
acidity, (2) a pound of fertilizer N produced acidity equiva­
lent to 1.1 to 1.4 pounds of CaCOg when average rates of N 
fertilizer were applied to continuous corn, (3) the use of 
amounts of N in excess of that used for optimum crop yields 
resulted in much of the N remaining in the soil where it ex­
erted its maximum effect in creating soil acidity. 
Salt Effects 
Since high rates of N and K were used in this study it 
is reasonable to briefly review the effects of salt on plant 
growth. A saline soil is defined as "one which contains 
sufficient soluble salts to affect adversely the growth of 
plants" (The United States Department of Agriculture, 1954). 
Electrical conductivity, EC, of the saturation extracts in 
millimhos per centimeter is a basis for estimating the 
salinity of a soil (Allison, 1964). Extracts with EC value 
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less than 2 represent soils which have negligible effects, 
2 to 4 affect very sensitive crops, 4 to 8 affect many crops, 
8 to 16 affect all but the most tolerant crops, and more than 
16 affect all crops. Corn is considered moderately sensitive, 
which means it can tolerate EC values up to approximately 8 
millimhos per centimeter of salinity. The salt tolerance of 
cultivated plants varies greatly according to their phase of 
development and biological properties; and also according to 
the concentration and composition of the salts in the soil 
solution, the water regime and the fertility of the soilo 
It is difficult to draw a distinction between the osmotic and 
the ionic effects of salts, since plants react to these two 
effects simultaneously. Two different theories have been 
advanced in this subject. According to one, the harmful 
effect of salts on plants is due to the osmotic pressure of 
the external solution and, according to the other theory, is 
due to the toxic action of the salts. There also is a theory 
that salts affect plants in two completely independent ways, 
one postulates that high osmotic pressure of the substratum 
destroys plants' water exchange and the other that salts 
exercise a direct toxic effect on the protoplasm (Kovda, 1971) 
Allison (1964) stated that the total concentration of 
salts rather than the nature of the ions is the major factor 
in depressing crop yields. In reporting the work of several 
researchers, Allison also concluded that the salt injury re­
sulted from increased osmotic pressure not reduced water 
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uptake. 
Bernstein (1963) found that plant osmotic pressure has 
diurnal fluctuations. He also found that the K content of 
peppers and beans likewise had a similar diurnal fluctuation. 
He suggests that the fluctuations are associated with photo-
synthate accumulation and breakdown. Also, the organic acid 
content of the plants fluctuated with diurnal periodicity and 
he suggested that increased K uptake was associated with in­
creased organic acid content. 
Khalel et al. (1967) observed yield decreases of corn as 
a result of reduced response to N with increasing salinity 
of the soil. Poor response to applied fertilizer was associ­
ated with decreased photosynthesis and reduced utilization of 
the photosynthates in the presence of high osmotic pressures 
within the plant. 
Movement of Nutrients in Soil 
Nitrogen 
The movement of N and various N compounds in the soil 
plays an important role in determining the availability of 
N for plant growth. The two main processes involved in the 
movement of N or virtually any chemical substance in soil are 
(1) convection of substances dissolved in the soil solution 
due to the mass flow of the soil solution and (2) molecular 
or ionic diffusion due to concentration gradients. Diffusion 
occurs in the gaseous phase as well as the liquid phase. A 
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factor which often determines N movement is the degree of 
interaction between the N in solution and the surface of the 
soil particles. Thus a strongly absorbed ion such as NH^ will 
move far less readily than an ion such as NOj, which is light­
ly absorbed by some soils and not at all by many soils (Gard­
ner, 1965). 
More interest is centered on the movement of nitrate in 
the soil than on the movement of any other form of N. Of 
particular concern is the loss of nitrate from a soil profile 
due to leaching. The distance which nitrate will move downward 
does not depend as much upon the total rainfall as upon the 
amount of rainfall which actually passes through the soil. It 
is for this reason that correlation of nitrate leaching losses 
with rainfall is not as direct as might be expected (Raney, 
1960; McCants, 1962). 
Krantz et al. (1943) conducted an experiment with a series 
of small fallow plots to study the behavior of various forms 
of inorganic N. Sodium nitrate and ammonium sulfate were 
placed at various depths with and without straw. They found 
that ammonium cations were rather immobile in the soil because 
they were absorbed by the base exchange complex, while the 
nitrate anions moved freely with the soil moisture. During 
a prolonged drought season, nitrate moved upward in the soil 
to accumulate at the surface. This was due to the net upward 
movement of soil moisture. However, any moderate rainfall 
moved the nitrates back into the main root zone and made them 
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available to plants. 
A study of the movement of N applied as ammonium com­
pounds and urea was made in four California soils. The N 
fertilizers were buried in the soils in boxes at points four 
inches below the soil surface. Three days after fertiliza­
tion, sufficient water was flooded over the surface to bring 
the soils to field capacity to a depth of two feet. Two weeks 
later, the containers were dismantled and the soils were 
sampled and analyzed. There was little movement of NH^-N 
in two coarser textured soils. Upward movement of NH^-N was 
common in all four soils. Nitrogen already nitrified to the 
nitrate form moved with the wetting front and was found near 
the bottom of the boxes (Tyler et alo, 1958), 
Owens (1960) conducted an experiment to determine the 
fate of N applied to soils several months prior to croppingo 
15 Ammonium sulfate, labeled with N , was applied to soils at 
the rate of 120 lb N/A during each winter of the two years 
that the experiment was conducted. Three moisture rates, 12, 
18, and 24 inches were established each year on the soils 
five months prior to cropping. Total and labeled N were de­
termined in the leachates, crops, and soils at the end of the 
experiment. An average of 33% of the applied N was unaccounted 
for at the end of two years and was assumed to have been 
denitrified. Loss of N by leaching was directly proportional 
to the amount of water moving through the profile. The amount 
of fertilizer N remaining in the soils at the end of the 
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experiment was around 28% and not affected by moisture 
treatment. 
Boswell and Anderson (1964) studied N movement in undis­
turbed profiles of fallowed soils. Results indicated that 
almost all of the applied N was found in the 0-3 and 3-6 inch 
layers after 5 weeks and 1.5-2 inches of rainfall. After 20 
weeks with 10.3 inches of rainfall on the loamy sand, almost 
all of the applied N was still found in the top 2 to 3 feet of 
soil. Both soil texture and amount of rainfall influenced N 
movement. Also, upward movement of N occurred during moisture 
stress. 
Devitt et al. (1976) stated that soil profile characteris­
tics significantly affected NOg-N movement through soil. In 
coarse-textured soils, nitrate moved with the water as a direct 
consequence of irrigation practices. The profiles with layers 
of high clay content tended to restrict water movement and, 
thus, reduced the fraction that was leached and promoted 
anaerobic conditions favorable for denitrification. 
The movement of ammonia in soils is of particular inter­
est because of the significant losses of N which may occur 
due to volatilization. This is of special concern during and 
after the application of aqua ammonia or anhydrous ammonia. 
Data such as that of Baker et al. (1959) show that such losses 
are closely related to the depth of application of ammonia. 
Ammonia movement involves diffusion in both the liquid 
and the gaseous phase. The relative importance of the two 
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phases depends upon the water content of the soil. The loss 
of ammonia from soils is found to be related to the water 
loss (Jewitt, 1942; Kresge and Satchell, 1960; Martin and 
Chapman, 1951; Volk, 1959; Wahhab et al., 1957). There are at 
least two reasons for this. Conditions which favor evapora­
tion of water will favor volatilization of ammonia. In addi­
tion, the upward movement of water helps transport ammonia to 
the soil surface. 
Phosphorus 
Phosphorus in soil solution moves in about the same way 
as nitrate. All the factors which affect nitrate mobility 
also will affect the phosphate ion. The major difference is 
that the concentration of P in the soil solution is much 
lower than is the concentration of nitrate, consequently, the 
quantity of P which moves is much less. Instead of saying 
that "P does not move in soil", it is more accurate to say 
that the amount of P moving in soil solution is very low com­
pared to the total amount of P in the soil (Engelstad, 1970). 
Joffe (1940) studied the movement of anions through the 
profile of a Gray-Brown Podzolic soil. He pointed out that 
under natural conditions P accumulates in the B horizon of 
the soil under discussion. His data showed that only 0.33 
pounds of P passed through the A1 horizon; about one-fifth of 
that passed through the A2 horizon; in turn, about one-third 
of that passing through the A2 was recovered in the leachings 
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from the B horizon. Because of the low solubility products 
of this nutrient occurred in the soil under consideration. 
Joffe also observed that during the months of July, August, 
and September there was a slight increase in the movement of 
P in the A1 horizon. 
An experiment was set up by Neller (1946) to measure the 
downward movement of phosphates in a study involving a variety 
of phosphates and soils. Using 313 to 1250 lb/A applications 
of 19.8% superphosphate, he found that an average of 79% of 
the P was recovered in the leachate from a Leon fine sand. 
However, recovery from sandy loam ranged from only a trace to 
1.6%. He concluded that losses of phosphate in Leon fine 
sand as large as those obtained in the lysimeters probably do 
not occur in the field for the reason that downward percolation 
of water is checked by the hardpan layer in the B2 horizon. 
Larsen et al. (1958) conducted studies to measure the 
leaching of applied labeled phosphate in five organic soils 
and one mineral soil. After 15 inches of water were leached 
through the soil columns, phosphate retention appeared to be 
clearly correlated to the sesquioxide content of the soil and 
the apparent degree of decomposition. When labeled phosphate 
was mixed into the surface 2 inches of a 14-inch column of a 
virgin organic soil, 60 and 80% appeared in the leachate from 
15 and 30 inches of water, respectively. Lesser amounts of 
P appeared in the leachate from soils with greater sesquioxide 
contents and with longer drainage histories. 
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While many studies have documented the vertical movement 
of P in coarse-textured and organic soils, few investigations 
have demonstrated the rates of movement of P in mineral soil 
under varying conditions of leaching intensities and P appli­
cation rates. Hence a column study was conducted by Logan 
and McLean (1973) to determine the effects of moderate to 
high rates of phosphate application and intensive leaching 
on P movement in three Ohio mineral soils of varying chemical 
and physical properties. The results showed that leaching of 
P increased with P application rate. The movement of P down­
ward was described as a progressive adsorption of P by suc­
cessive soil layers and the conclusion was that P will continue 
to leach downward as long as the adsorption capacity of the 
soil is exceeded. 
Despite the above examples, the general feeling conveyed 
in the literature is that in average mineral soils P is rela­
tively immobile. Its low concentration in the soil solution 
and high degree of reactivity with soil colloids and certain 
cations limit the movement of P in soils. Hence, initial 
placement of applied P in the proper position with respect to 
plant root distribution is important. 
Potassium 
Potassium is an abundant element in the soil, but often 
the quantity available to plants is relatively small. 
Potassium held on the cation exchange complex provides the 
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main source for plants and is the form generally measured by 
soil tests. An actual deficiency may result from losses by 
crop removal, erosion, and/or leaching. 
Overdahl and Munson (1965) reported that there was 
little K movement below 45 cm in a coarse-textured soil, even 
under irrigation. They also stated that disked-in or top-
dressed K moved very little (5 cm) in sandy soils unless ex­
tremely high rates of K were applied. 
Krause (1965) conducted a lysimeter experiment to deter­
mine the effect of soil pH on adsorption and leaching of 
applied K to forest soils. The soils of different reaction 
were treated at increasing rates with KgSO^ and exposed to 
rainfall and irrigation. The results showed that K losses 
from strongly acid (pH 4.3) soils were 1.7 to 2.4 times greater 
than losses from moderately acid (pH 5.1) soil, and 2.5 to 3.5 
times greater than losses from weakly acid (pH 6.4) soil. He 
concluded that heavy applications of readily soluble K fer­
tilizer in forest nurseries would be inefficient and 
uneconomical if the pH of the soil was less than 5. 
Although the above study showed that K leaching does not 
present a problem on weakly acid soil, however, it has fre­
quently been found that the uptake of K by plants was lower 
on heavily limed soils than on acid soils. MacKay and 
MacEachern (1962) studied both immediate and long-term ef­
fects of liming on soil K properties. The soil (pH 4.5) was 
treated with 0, 0.8, 1.6, 3.2, 4.8, and 8 tons per acre of 
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hydrated lime and sampled at intervals during a 6-year 
period. Potassium released by a water-equilibration procedure 
was influenced by liming. The heavier lime treatments first 
caused an increase in equilibrated K values and then a pro­
gressive decrease over succeeding years to a 50% depression 
at the end of the experiment. With lighter K rates substan­
tial depressions occurred initially, becoming progressively 
greater with time, 
Boswell and Anderson (1968) studied the rate and depth of 
movement of K, applied as KNOg, on two widely different fal­
lowed soils under field conditions. The results showed that 
five weeks after treatment the applied K was in the top 15 cm 
of both soils. However, after 17 weeks with 25 cm of rainfall 
on the soil, almost all of the applied K was found in the top 
30 cm of both soils. They found that both soil texture and 
amount of rain influenced K movement. The high rate of K also 
tended to move faster and to greater depths than the moderate 
rate. Irrespective of the application rate, the highest con­
centration of K was found in the 15 to 30 cm layer of both 
soils 76 weeks after application. These data indicated that 
a normal application of K will not leach beyond the root zone 
in soils, at least during the growing season of most field 
crops. 
MacLean (1978) conducted an experiment to study the soil 
retention and plant removal of K added at an excessive rate 
under field conditions. The fertilizer treatments used in 
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this experiment were 448 kg N, 392 kg P, and 744 kg K per 
hectare annually. The K was added as KCl. There was no 
evidence of leaching of K below the 0- to 30-cm layer follow­
ing addition of a total of 2,232 kg K/ha to a loam and a sandy 
loam soil in a 3-year field experiment. Although addition of 
K increased the amounts of exchangeable K in the upper soil 
layers, the magnitude of the increases did not account for the 
amount added. For example, of the 2,232 kg K/ha added, only 
about one-third of it was recovered in the exchangeable form. 
Since there was no evidence of added K accumulating in an ex­
changeable form below the 15- to 30-cm layer, it is reasonable 
to assume that there was no appreciable downward movement of 
added K in the soil profile, but the K was fixed in a non-
exchangeable form in the upper soil layers. 
The information in the literature generally implies that 
fertilizer K moves more extensively than P in the soil. How­
ever, problems from K movement seem to have been uncommon on 
soils of average texture. Soil texture and pH, amount of 
rainfall, rate of applied fertilizer and the cropping system 
are among the factors mentioned as influencing K movement. 
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MATERIALS AND PROCEDURES 
Site Description 
As indicated in the introduction, the two field experi­
ments involved in this study were initially established and 
conducted from 1955 through 196 8 by R. D. Powell. The data 
obtained during this period are reported in his dissertation 
(1968). Following his departure, the experiments were con­
tinued on a limited basis for an additional 3 or 4 years by 
J. R. Webb and others in the Agronomy Department. Field 
procedures were essentially the same as those employed by 
Powell but lack of time limited treatment evaluation to yield 
measurements and a single soil sampling at the termination of 
the experiments. 
Two sites in the Clarion-Webster Soil Association Area 
in Central and North Central Iowa were used for this study. 
One site was located on the Agronomy and Agricultural Engi­
neering Research Center (Agronomy Farm) five miles west of 
Ames and the other was located on the Clarion-Webster Re­
search Center (Clarion-Webster) one mile south of Kanawha, 
Iowa. These sites were chosen because of the large acreage 
of corn produced in the area, because of their proximity to 
Ames and the availability of land for long-term studies. 
The soil on both sites is primarily Webster silty clay 
loam. Webster soil has developed on calcareous glacial till 
under wet prairie grass vegetation and is classified as a 
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Typic Haploquoll. The surface 15 to 20 inches of Webster 
soil is black, silty clay loam, while the subsoil is a gray 
to olive gray loam or clay loam. It occurs on nearly level 
(less than 3% slopes) uplands, is naturally poorly drained, 
and generally needs to be artificially drained for good crop 
growth. Portions of the Agronomy Farm site grades toward 
the lighter textured Nicollet loam, and part of the Clarion-
Webster site is mapped as the calcareous variant of Webster. 
Both of the experimental sites were known to be responsive to 
N and both tested very low in available P and low in exchange­
able K. The pH of the surface soil was 6.5 to 7.0 on the 
Agronomy Farm site and 7.2 to 7.8 on the Clarion-Webster site. 
A variety of crops were grown on both sites in the years 
prior to the establishment of these experiments but only 
moderate rates of fertilizer were used. 
Field Design and Procedures 
The experimental design used in these experiments was a 
central composite design as described by Box and Wilson 
(1951). Seven levels of N, P, and K and a control treatment 
(no fertilizer applied) were used, making a total of 31 treat­
ments. Two replications were employed at each site. The 
treatment combinations and rates are shown in Table 1. 
The fertilizer levels included N in 200-pound increments 
up to 1200 pounds, P in 75-pound increments up to 450 pounds, 
and K in 150-pound increments up to 900 pounds per acre. The 
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Table 1. Fertilizer rates and combinations applied at each 
site annually 
Treatment Pounds per acre 
number Nitrogen Phosphorus Potassium 
1 0 0 0 
2 0 0 900 
3 0 225 450 
4 0 450 0 
5 0 450 900 
6 200 75 150 
7 200 75 750 
8 200 375 150 
9 200 375 750 
10 400 150 300 
11 400 150 600 
12 400 300 300 
13 400 300 600 
14 600 0 450 
15 600 225 0 
16 600 225 450 
17 600 225 900 
18 600 450 450 
19 800 150 300 
20 800 150 600 
21 800 300 300 
22 800 300 600 
23 1000 75 150 
24 1000 75 750 
25 1000 375 150 
26 1000 375 750 
27 1200 0 0 
28 1200 0 900 
29 1200 225 450 
30 1200 450 0 
31 1200 450 900 
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selection of levels and range of nutrients was based pri­
marily on judgment. 
The main plots were 50 x 26 2/3 feet in size, which 
allowed 8 rows with 40-inch spacing to be planted lengthwise 
in each plot. The size of plot provided an adequate harvest 
area plus some extra rows on the outside to serve as protec­
tion against border effects. 
Field Procedures 
The annual fertilizer treatments were broadcast by hand 
on individual plots. Ammonium nitrate, concentrated super­
phosphate, and potassium chloride were used as the sources of 
N, P, and K, respectively. The date of application varied 
with the availability of time and labor. All of the fer­
tilizer was applied in the spring at both sites in 1968. All 
of the other applications were made in late fall, except at 
the Agronomy Farm in 1969, when the P and K were fall applied 
and the N was spring applied. Incorporation into the soil 
was accomplished by deep disking following the spring applica­
tions and by plowing in the case of the fall treatments. 
Planting, cultivating and other field operations were 
performed by personnel at the two experimental farms. Grain 
yields were measured by hand picking the ears from 60 to 80 
feet of row per plot. These samples were shelled, weighed, 
and subsampled for moisture determinations. Yields were cal­
culated as bushels per acre of grain adjusted to 15.5% 
31 
moisture. The number of plants in the harvested area was 
counted to estimate the final plant population. 
Soil samples were collected from individual plots at 
both sites in 1971 to measure the effect of treatment on 
nutrient concentration and depth of movement in the soil. 
Individual samples consisted of 4 or 5 cores taken in 5-inch 
increments to a depth of 36 inches. 
At the termination of the corn experiments, both sites 
were seeded to tall fescue. The grass was mowed periodically 
and the clippings left on the ground. Soil sampling was 
repeated at the Clarion-Webster site in the fall of 1978 to 
observe the effect of time and management on nutrient levels. 
The Agronomy Farm site which had been plowed and was being 
used for a corn borer study was not available for sampling. 
Laboratory Procedures 
Measurements of pH, available phosphorus, and exchange­
able potassium were made on the soil samples by the Iowa State 
University Soil Testing Laboratory. 
Field moist samples were analyzed by preparing a uniform 
mixture of soil and water. This was accomplished by weighing 
out the approximate equivalent of 100 grams of oven-dry soil 
into a mixing cylinder and adding an amount of deionized dis­
tilled water sufficient to provide 200 ml of water per 100 
grams of oven-dry soil. The soil and water were stirred 
until a uniform suspension of the soil in the water was 
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obtained. Subsamples of this mixture were measured volu-
metrically in the amounts needed for analysis, while the soil 
and water mixture was being continuously agitated by rotating 
the cylinders. 
The subsamples for soil pH determination consisted of 
10 grams of soil in 20 ml of water placed in a 50-ml beaker. 
Samples were thoroughly stirred immediately before pH was 
determined with a glass electrode pH meter. 
Phosphorus was determined by placing a subsample con­
sisting of 1.88 gram of soil in 3.76 ml of water into a 30-ml 
shaking bottle and adding 15 ml of extracting solution (com­
monly referred to as the Bray No. 1 phosphorus extractant). 
The mixture was shaken in a mechanical shaker for 5 minutes 
and filtered. Ten ml of the filtrate were mixed with 0.5 ml 
of molybdate reagent and 0.5 ml of the dilute reducing agent. 
The solution was allowed to stand for 15 minutes for color 
development. Color intensity was determined on an Evelyn 
colorimeter using a 600 mjj, filter. 
Since the Bray No. 1 method is known to give low avail­
able P values for highly calcareous soils, the soil samples 
were also analyzed by the Olsen (NaHCO^) method. Two grams 
of soil and 40 ml of NaHCOg (extracting solution) were added 
to a 125-ml Erlenmeyer flask and shaken for 30 minutes. Five 
ml of filtrate was transferred into a 50-ml Erlenmeyer flask, 
15 ml of distilled water and 5 ml of reagent B (2.539 g of 
ascorbic acid dissolved in 500 ml of acid molybdate stock 
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solution) was added and then agitated to develop blue color. 
Percent transmittance or optical density was read on a 
colorimeter set at 882 nm. These readings were converted 
to available P values, using a transmitting curve prepared 
from standard samples. 
The subsamples of soil for the potassium determination 
consisted of 2.0 grams of soil in 4 ml of water placed in a 
25-ml shaking bottle. Exchangeable plus soluble K was ex­
tracted by neutral 1 N NH^OAC. The mixture was placed on a 
shaker for 5 minutes and filtered. Potassium in the extract 
was determined with a Perkin-Elmer flame photometer. 
Statistical Procedure 
The design of the experiment was a 2^ + 2n + 1 central 
composite design with seven levels of N, P, and K. This de­
sign had the advantage of requiring fewer treatment combina­
tions than other designs to obtain a yield function describ­
ing the effects of the fertilizer variables. In this experi­
ment the center plots and also the check plots (no fertilizer 
applied) were replicated four times while all other plots 
were replicated twice. 
The yield and soil test data were statistically analyzed 
by standard analysis of variance procedures for each experi­
ment in order to determine overall treatment effects and 
replication differences. The effect of plant population on 
yields was measured by linear correlation. 
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Multiple regression analysis was used to provide esti­
mates of the effects of applied N, P, and K on grain yields 
and soil test P, K, and pH. All computations were carried 
out with respect to the model: 
Yi = Bq + ®2^2i + • • • + ®p^pi ^i 
which is the usual multiple regression model having Y as the 
dependent variate, the explanatory factors X^, X^* ...> X^ 
which are assumed to be independent variates, which is 
the error term because the postulated independent variates 
do not completely explain Y^, and the parameters Bq, B^, •••* 
Bp which are the population regression coefficients. The 
fitting of these equations to each site-year of data gave an 
indication of the response at that site. 
The criteria for retention of given variates in the 
model were based on the F-test applied to each of the partial 
regression coefficients. A series of models including linear 
and quadratic functions were computed to estimate the linear 
and curvilinear effects of the variables. These equations 
were used to predict increases in soil test p and K for a 
given fertilizer rate. 
Data from each experiment were fitted to a model con­
taining linear, quadratic and linear by linear interaction 
effects of applied P, K, and N. 
The statistical analysis was done by using the SAS 76 
computer program (Barr et al., 1976). 
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RESULTS AND DISCUSSION 
As indicated in the previous section, this report deals 
with the corn yield data from the last four years of the seven-
year study and with soil test data from samples collected at 
the end of the study. 
During the first three years corn yield responses to 
applied N, P and K were variable. The yield response was 
greatest to applied N and varied with P and K applications. 
Yields were not adversely affected by the high rates until the 
third year. Yield reductions were associated with low soil pH 
values, high combined rates of N and K and with unbalanced 
treatments containing only one or two nutrients. 
Soil-test P and K values were affected most by additions 
of these nutrients, while N applications significantly de­
creased soil pH levels. Changes in soil test levels were 
evident to a depth of 18 inches. 
Weather Conditions 
Since the rainfall during the growing season influences 
potential yields and could influence the effectiveness of the 
fertilizer treatments, monthly rainfall records during the 
growing season are presented in Table 2. Soil moisture levels 
at the beginning of the season were about normal in 1969 and 
1970, were above normal in 1968 and below normal in 1971 at 
both experimental sites. Moisture was somewhat limiting 
Table 2. Monthly rainfall (inches) and deviations from normal during the growing 
season at the two experimental sites 
Month 
1968 1969 1970 1971 
Rainfall Dev. Rainfall Dev. Rainfall Dev. Rainfall Dev. 
Aaronomv Farm 
April 6.23 3.59 4.11 1.47 1.67 -0.97 1.22 -1.42 
May 2.41 -1.90 3.21 -1.10 7.48 3.17 3.47 -0.84 
June 9.09 3.81 5.96 0.68 3.15 -2.13 4.38 -0.90 
July 2.25 -1.63 4.90 1.03 3.79 -0.09 3.79 -0.09 
August 3.33 -0.58 2.02 -1.89 5.76 1.85 0.48 -3.43 
September 4.28 0.99 4.48 1.22 5.32 2.06 1.30 -1.96 
Total 27.59 4.28 24.68 1.40 27.17 3.89 14.64 -8.64 
Clarion-Webster Farm 
April 4.88 2.65 2.27 0.04 0.96 — 1.27 
May 2.33 -1.78 4.39 -0.28 7.93 3.82 
June 5.98 0.92 8.23 3.17 3.20 -1.86 
July 8.13 4.71 6.93 3.51 2.29 -1.13 
August 2.06 —1. 80 1.45 -2.41 1.50 -2.36 
September 5.15 1.94 1.40 -1.81 3.74 0.53 
Total 28.53 6.64 24.67 2.22 19.62 -2.27 
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during midseason in 1968 at the Agronomy Farm site. The 1969 
season was characterized by adequate levels of subsoil mois­
ture at the beginning of the season and by favorable distribu­
tion of rainfall during the growing season. The rainfall 
was below normal in 1970 at the Clarion-Webster site and in 
1971 at the Agronomy Farm. The average yields shown in Tables 
3 and 4 reflect these seasonal variations in soil moisture 
supply and rainfall. Yields ranged from very satisfactory in 
1969 to rather poor in 1970 at both sites. 
The Effect of Applied Fertilizer Variables 
on Grain Yields 
General observation of yields show variable responses to 
applied N, P and K. In general, the greatest response was 
to N, with smaller, less consistent responses to P and K at 
both sites. 
The yields on the unfertilized control plots ranged from 
72 to 114 bushels at the Agronomy Farm. The reason for the 
high control yields in 1970 is not known. It may have been 
high relative to the treated plots because of a lower salt 
content in the soil during a fairly dry season. However, this 
does not explain the high absolute yield value for these 
plots on which corn had been grown for six consecutive years. 
The 0-225-450 treatment produced the lowest yield at this 
site during all four years. No single treatment consistently 
produced the maximum yield but the higher yields were generally 
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Table 3. Average corn yields (bu/A) obtained for individual 
treatments at the Agronomy Farm site 
Treatment (lb/A) Year 
N P K 1968 1969 1970 1971 Ave. 
0 0 0 96.4 109.3 113.8 71.9 97.9 
0 0 900 94.1 97.9 83.8 109.3 96.3 
0 225 450 66.5 69.8 35.0 34.1 51.4 
0 450 0 103.7 123.8 76.2 68.8 93.2 
0 450 900 107.6 119.5 115.9 86.1 107.3 
200 75 150 141.1 153.7 109.6 106.3 127.7 
200 75 750 144.3 161.0 115.8 129.4 137.6 
200 375 150 137.2 151.3 66.4 125.4 120.1 
200 375 750 140.2 155.6 70.9 121.6 122.1 
400 150 300 136.7 165.1 88.9 124.2 128.7 
400 150 600 130.7 163.5 96.1 117.3 126.9 
400 300 300 135.9 161.5 108.8 126.7 133.2 
400 300 600 140.2 163.4 99.7 119.5 130.7 
600 0 450 134.3 140.2 133.6 114.6 130.6 
600 225 0 128.3 156.3 93.1 110.4 122.1 
600 225 450 139.8 157.9 115.0 122.2 133.7 
600 225 900 130.9 165.7 93.5 123.4 128.4 
600 450 450 134.7 162.9 114.8 128.2 135.2 
800 150 300 130.0 152.5 86.4 127.2 124.1 
800 150 600 132.4 155.3 104.2 124.6 129.2 
800 300 300 133.2 152.2 122.7 132.9 135.0 
800 300 600 125.9 164.2 98.6 110.8 124.9 
1000 75 150 132.7 135.6 111.4 122.5 125.6 
1000 75 750 131.9 109.3 77.4 102.2 105.2 
1000 375 150 144.1 138.9 116.9 135.6 133.9 
1000 375 750 128.3 161.6 93.3 120.5 125.9 
1200 0 0 124.3 94.4 91.5 98.0 102.1 
1200 0 900 122.3 83.8 83.6 120.7 102.6 
1200 225 450 131.0 153.0 113.8 121.8 129.9 
1200 450 0 112.9 128.5 93.1 76.7 102.8 
1200 450 900 137.3 153.6 119.9 123.1 133.5 
Overall mean 126.7 143.4 97.4 115.5 
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Table 4. Average corn yields (bu/A) obtained for individual 
treatment at the Clarion-Webster site 
Treatment (lb/A) Year 
N P K 1968 1969 1970 Ave. 
0 0 0 
0 0 900 
0 225 450 
0 450 0 
0 450 900 
200 75 150 
200 75 750 
200 375 150 
200 375 750 
400 150 300 
400 150 600 
400 300 300 
400 300 600 
600 0 450 
600 225 0 
600 225 450 
600 225 900 
600 450 450 
800 150 300 
800 150 600 
800 300 300 
800 300 600 
1000 75 150 
1000 75 750 
1000 375 150 
1000 375 750 
1200 0 0 
1200 0 900 
1200 225 450 
1200 450 0 
1200 450 900 
Overall mean 
90.2 101.0 
61.2 69.7 
67.7 75.9 
70.2 75.9 
85.1 136.8 
155.8 168.0 
151.9 159.1 
155.2 168.1 
158.8 164.4 
150.4 170.3 
152.2 167.7 
149.9 166.2 
158.3 180.6 
131.8 167.2 
139.8 165.5 
157.4 166.5 
152.9 174.8 
156.7 164.3 
147.0 167.3 
153.4 181.4 
157.7 175.2 
155.6 173.2 
148.9 174.2 
154.3 168.0 
153.3 186.7 
146.5 170.8 
112.4 173.3 
114.5 164.2 
136.7 186.2 
144.9 168.6 
137.5 188.1 
135 o 8 158.8 
79.6 90.3 
55.2 62.1 
67.7 70.4 
51.4 65.8 
100.9 107.6 
118.4 147.4 
123.1 144.7 
126.4 149.9 
117 0 8 147.0 
120.1 146.9 
117.2 145.7 
113.9 143.3 
109.3 149.4 
109.4 136.2 
120.7 142.0 
111.3 145.1 
112.7 146.8 
110.4 143.8 
120.4 144.9 
110.9 148.6 
108.1 147.0 
111.8 146.9 
112.7 145.3 
86.6 136.3 
113.2 151.0 
102.0 139.8 
101.7 129,2 
110.3 129.7 
121.2 148.1 
112.6 142.1 
109.9 145.2 
106.4 
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associated with treatments containing intermediate rates of N 
combined with at least some P and K. 
Grain yields ranged from 80 to 101 bushels for the con­
trol treatment at the Clarion-Webster site. Minimum yields 
were considerably less and were associated with treatments 
containing P and/or K without N. Maximum yields were not re­
lated to any specific treatment combination. 
At both sites, yields tended to reach maximum with the 
second or third increment of the fertilizer elements applied. 
The maximum yields were attained with rates of N at 500 pounds 
per acre or less. Yield reductions were generally related to 
an imbalance of applied nutrients, such as high rates of P 
and K without N (Tables 3 and 4), 
Since plant populations in these experimental areas were 
not hand thinned to a constant population, they varied some 
from plot to plot at harvest time. It seemed reasonable to 
assume that some of the heavy fertilizer treatments might have 
influenced germination and seedling survival; however, analy­
sis of variance showed that the differences were not related 
to experimental treatments except for one year, 1969 at the 
Agronomy Farm. Consequently, it was permissible to adjust 
yields for stand variation in an attempt to improve the pre­
cision of treatment evaluation. However, correlation analyses 
did not show highly significant relationships between plant 
population and yield, except for a positive relationship in 
1969 at the Agronomy Farm site. So adjustment for population 
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variation did not have much influence on yields and was of 
little use in overall evaluation of treatment effects. 
Treatment effects on yields for each site and each year 
(site-year) were determined by simple analysis of variance. 
Mean square values obtained in these analysis of variance are 
presented in Table 5. 
Table 5. Analysis of variance of grain yield data for each 
site-year 
Mean square 
Site df 1968 1969 1970 1971 
Agronomy Farm 
Rep 1 180.54 24.4 1142.1 1473.95* 
Treatment 30 586.76*** 1401.2*** 740.4 1012.69*** 
Error 30 66.08 92.19 643.7 257.53 
Total 61 
Clarion-Webster Farm 
Rep 1 704.53* 625.9** 3 8.08 
Treatment 30 1765.47*** 2086.16*** 701.66*** 
Error 30 94.71 76.11 126.35 
Total 61 
***,**,*Significant at the 0.01%, 0.5%, and 1% levels. 
Treatment effect attained a probability level of 0.01% 
in all site-years except for the Agronomy Farm in 1970. This 
was a year in which unfavorable weather conditions limited 
yields and yield responses. This treatment effect was 
probably due to N mainly, as will be discussed later. 
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However, since P and K in the soil initially tested low at 
both sites, some of the treatment effect was undoubtedly due 
to additions of these elements. 
There was a significant replication effect in two of the 
three site-years at the Clarion-Webster site. This effect 
was probably due to variation in initial fertility and mois-
ture-holding capacity. Minor changes in topography at this 
site often have a big influence on drainage and soil pH. 
Multiple regression techniques were used for analysis of 
yield results for each site-year of data. Yield data from 
each experiment were fitted to the following general model: 
Y = bg + b^ N + bg P + bg K + b^^ + b^^ P^ + b^g 
+ b^2 NP + b^2 NK + bgg PK + b^gg NPK + e 
where bg is the intercept, b^ through b^gg are regression co­
efficients, and e is a random error component. The regression 
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coefficients, their significance level and the R values are 
presented in Table 6. 
In general, the yield response was primarily to N, as 
might be expected from the previous discussion of yield data. 
The linear N effect was significant at the 0.5% level in five 
of the seven site-years of data. The P effect reached a 
probability level of 0.5% in 1969 at the Agronomy Farm site 
and of 10% in 1968 at the Clarion-Webster site. Potassium 
showed a significant effect at the probability level of 1% 
in 1971 at the Agronomy Farm. The quadratic N term was 
Table 6. Regression coefficients^, their significance and the value for grain 
yield at each site-year using the multiple regression analysis 
Agronomy Farm Clarion-Webster 
Variable 1968 1969 1970 1971 1968 1969 1970 
^0 104.60 109.96 113.22 74.58 94.11 111.20 91.16 
N 0.118** 0.151++ 0.061+ 0.153** 0.167*** 0.172*** 0.079** 
P -0.043 0.063** -0.256 -0.031 0.008+ -0.031 -0.006 
K -0.006 -0.015 -0.021 0.028* -0.010 -0.039 -0.032 
-0.829*** -1.279*** -0.558** -1.038*** -1.317*** -1.051*** -0.590*** 
1.162 -1.174 3.423+ 1.195 -1.055 -0.610 -1.144 
0.048 0.113 -0.060 0.077 -0.162 0.063 0.050 
NP -0.21 0.32++ 0.98+ -0.33 0.87 0.50 0.63 
NK -0.02 -0.03 0.05 -0.26 0.28 0.20 0.19 
PK 0.09 0.10 1.4+ -0.68 1.00 2.0** 1.53+ 
NPK 0.003 0.0006 -0.0006 0.001 0.001+ -0.001++ -0.001++ 
R2 0.50 0.67 0.23 0.48 0.71 0.75 0.47 
^Quadratic and interaction regression coefficient numbers have been multiplied 
by 104. 
***,**,*,++,+Significant at the 0.01%, 0.5%, 1%, 5%, and 10% levels, respec­
tively. 
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significantly negative in all site-years suggesting a smaller 
positive effect of N at high rates as compared to the lower 
rates. There was a positive quadratic P effect in 1970 at 
the Agronomy Farm which reached a probability level of 10%, 
The interactions were mostly diverse in their effect on yields. 
A positive NP interaction was evident in two years at the 
Agronomy Farm with it reaching the 5% probability level in 
1969. This indicated that response to one of the nutrients 
was greater at higher levels of the other. There was a PK 
interaction in two years at the Clarion-Webster Farm with it 
reaching the 0.5% probability level in 1969. In all three 
years at the Clarion-Webster Farm, there was a significant 
NPK effect reaching the probability level of 10% in 1969 and 
1970. This was probably due to less of a negative effect of 
P and K at high levels of the other factor. 
The multiple correlation coefficient (R ) was calculated 
for each site-year and used to measure the fraction of varia­
tion in grain yields explained by the regression on applied 
fertilizers N, P, and K. These values ranged from 0.23 to 
0.75 for individual site-years. The two lowest values were 
for the 1970 data, a year in which dry weather limited yields 
and yield response to applied fertilizer. 
Adverse effects 
It seems reasonable to assume that annual applications of 
very high rates of N, P, and K fertilizers might produce some 
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harmful effects on the growth and yield of corn. Reduction 
in soil pH from N applications, high soluble salt accumula­
tion in the soil, nutrient imbalances, and reduction of 
micronutrient and secondary nutrient availability are among 
the possible causes of harmful effects that might be sug­
gested. Although one of the original objectives of the study 
was to observe and try to explain any adverse effects of 
fertilizer treatments, the final soil pH was the only mea­
surement made during the final four years that can be used 
for explanatory purposes. Otherwise one can only note some 
of the treatments that gave lower yields and speculate as to 
the possible causes. 
Most N fertilizer sources are known to develop acidity 
in the soil. The 1200 lb/A N treatment used in this experi­
ment involved annual additions of 3600 lb/A of NH^NO^ or a 
total of 25,200 lb/A over the 7-year period. The effect of 
N on soil pH will be discussed in more detail in a following 
section, but the values in Tables 7 and 14 indicate that the 
jSH in the 0-6 inch depth was reduced 1 to 1.5 units by the 
larger N additions. The ^  initially varied considerably 
from plot to plot but the average values in Table 14 show a 
reduction from 6.25 to 4.85 at the Agronomy Farm and from 
7.29 to 6,26 at the Clarion-Webster site. The data for se­
lected N treatments in Table 7 show slightly different abso­
lute values but comparable pH decreases. 
Table 7, Soil pH changes and 1968-71 average corn yields resulting from several 
fertility treatments employed in this study 
Annual fertility treatment (lb/A) 
N 0 200 400- 600 800 1000 1200 
P 0 75 150 225 300 375 450 
K 0 150 300 450 600 750 900 
Clarion-Webster 
Soil pH (1971) 7.60 6.70 6.88 6.39 5.88 5.65 5.88 
Yields (1968-70) 90 148 147 145 147 140 145 
Agronomy Farm 
Soil pH (1971) 6.61 6.07 5.50 5.82 5.03 4.85 5.35 
Yields (1968-71) 98 128 129 134 125 126 134 
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The averages in Tables 8 and 14 and Figure 1 represent 
yield and pH values produced by the different N rates aver­
aged across levels of P and K. Increasing the.N rate from 
200 to 1200 lb/A caused very little decrease in yield at the 
Clarion-Webster site, although the soil pH was decreased from 
7.18 to 6.26, The data in Table 7 and Figures 2 and 3 show 
yields from selected treatments in which the N, P, and K rates 
were increased simultaneously. These treatments resulted in 
a soil pH reduction from 7.60 to 5.88 without any decrease in 
yields. It appears that increased acidity caused by N appli­
cations had little effect on average corn yields on this soil 
which initially had a pH about 7.0. The pH was decreased to 
below 6.0 on only a few individual plots at this site. Other 
research in Iowa has shown that well-fertilized corn seldom 
responds to lime until the surface soil pH drops below this 
level, particularly on soils in which deeper horizons have a 
high pH. 
The soil on the Agronomy Farm had a lower initial pH and 
some of the higher N rates decreased the surface soil pH to 
slightly below 5.0. This represents a level at which soluble 
salt concentrations and other chemical characteristics of the 
soil might be expected to reduce crop yields. The data in 
Table 8 show that the average yields were somewhat lower for 
treatments containing the 1000 and 1200 lb N/A rates. However, 
the average yield value for the 1200-pound rate included three 
out of five treatments in which no P and/or K was included. 
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Table 8. Corn grain yields (bu/A) as affected by applied N 
averaged over all levels of P and K 
Agronomy Farm Clarion-Webster 
lb/A 1968 1969 1970 1971 Ave. 1968 1969 1970 Ave 
0 93 103 78 75 87 71 90 69 77 
200 141 155 91 121 127 155 165 121 147 
400 136 164 98 122 130 153 171 115 146 
600 134 157 110 120 130 148 168 113 143 
800 131 156 103 124 129 153 174 113 147 
1000 134 136 100 120 123 151 175 104 143 
1200 126 123 100 108 114 129 176 111 139 
Table 9. Corn grain yields (bu/A) as affected by applied P 
averaged over all levels of N and K 
P rates Agronomy Farm Clarion-Webster 
lb/A 1968 1969 1970 1971 Ave. 1968 1969 1971 Ave. 
0 119 104 98 111 108 105 144 94 114 
75 138 140 104 115 124 153 166 114 144 
150 132 159 94 123 127 151 172 117 147 
225 119 141 90 102 113 131 154 107 131 
300 134 160 107 122 131 155 174 111 147 
375 137 152 87 126 126 153 173 115 147 
450 119 138 104 97 115 119 147 97 121 
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Table 10. Corn grain yields (bu/A) as affected by applied K 
averaged over all levels of N and P 
Agronomy Farm Clarion-Webster 
. rdtes 
b/A 196 8 1969 1970 1971 Ave. 1968 1969 1970 Ave, 
0 117 126 88 88 105 117 146 97 120 
150 139 145 101 122 127 153 174 118 148 
300 134 158 102 128 131 151 170 116 146 
450 121 137 102 104 116 130 152 112 148 
750 136 147 89 118 123 153 166 107 142 
900 118 124 99 113 114 110 147 98 118 
The yields for the better balanced treatments listed in 
Table 7 show less evidence of a decrease with increasing N 
rates, despite a reduction in soil pH to as low as 4.85. It 
seems likely that reduced soil pH was not the sole cause of 
the lower yields resulting from some of the high N applica­
tions at this site. 
In addition to reduced pH, soluble salt accumulation in 
the soil may have been a possible cause of yield depression. 
The 1200-450-900 treatment involved annual applications of 
7,650 lb/A of fertilizer and a total of 53,550 lb/A over the 
7-year period of study. Field notes state that there was 
some evidence of retarded germination and stunted early-season 
growth in 1970, when conditions were relatively dry about 
planting time. However, these plants appeared to recover and 
growth differences were not evident by midseason. 
The selected treatments listed in Table 7 represent 
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Figure 1. Average corn yields as affected by applied N 
at both sites 
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Figure 2. Corn yields for selected treatments in 1968, 1969, 
1970, and 1971 at the Agronomy Farm 
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Figure 3. Corn yields for selected treatments in 1968, 1969, 
and 1970 at the Clarion-Webster site 
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increasing quantities of fertilizer and as mentioned above 
yields showed little decrease. Some other individual treat­
ments can be compared which do suggest decreases from higher 
rates of fertilizer. For example, a comparison of the 
1000-75-150 with the 1000-75-750 treatment in Tables 3 and 4 
show that the latter gave 20 and 9 bo/A less corn at the 
Agronomy Farm and Clarion-Webster sites, respectively. Advan­
tages of 8 and 11 bu/A were observed for 1000-375-150 compared 
to the 1000-375-750 treatment at the two sites. These differ­
ences may have been due to the extra 600 lb/A of unneeded K 
salt. In a series of treatments involving similar P and K 
rates with only 200 lb/A of N, such decreases from increased 
K rates were not evident. 
Observation of average yields for individual treatments 
show that the largest yield decreases were associated with 
unbalanced ratios of N-P-K. Omitting one element from a 
treatment generally caused a significant drop in yields. 
These drops were generally greater as the rate of the added 
elements were increased. One interesting exception to the 
latter trend can be seen when the 0-225-450 and 0-450-900 
treatments are compared (Tables 3 and 4). The former de­
creased yields sharply compared to the control treatment, 
but the latter increased yields to above the control level. 
The advantages for the 0-450-900 over the 0-225-450 treatment 
averaged 56 and 37 bu/A at the Agronomy Farm and Clarion-
Webster sites, respectively. The magnitude of these differ­
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ences and the fact that they were observed in every replica­
tion every year at both sites indicates that they were 
probably not due to a chance occurrence. No explanation can 
be offered for these results. 
The availability of Zn and possibly other micronutrients 
has been reported to be reduced by high levels of P fertiliza­
tion and enhanced by N applications. Field notes show that 
15 lb/A of Zn was applied at both sites between the first and 
second year of study. Zinc levels were not measured in any 
plant or soil samples during the 1958 to 1971 period but 
notes indicate that leaf samples for Zn analysis were col­
lected from a few plots at the Agronomy Farm in 1967, The 
samples from the control plots contained 16 ppm Zn, while 
those from high P plots had dropped to about 10 ppm and from 
high N plots had increased to 25 ppm. No evidence of visual 
deficiency symptoms of Zn was reported. 
It can generally be stated that the largest yield de­
pressions were associated with unbalanced ratios of N-P-K. 
Yield reductions tended to be larger on the Agronomy Farm 
site. The soil at this site was mapped as a Webster but con­
tained less organic matter, was slightly coarser textured and 
had a lower pH than the Webster soil on the Clarion-Webster 
site. Reduced soil pH from the extreme N rates and soluble 
salt accumulations from the higher fertilizer applications 
may have reduced some yields, particularly on the Agronomy 
Farm site. 
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The Effect of Applied Fertilizer Variables 
on Soil Test Levels 
One of the major objectives of this study was to evalu­
ate the residual effects of the applied fertilizer treatments 
by means of soil tests. Soil tests are expected to reflect 
the levels of applied fertilizers but are expressed in dif­
ferent units and vary in magnitude with different sites and 
soils. Much of the correlative work relating changes in soil 
test levels with applied fertilizer has involved conventional 
rates. Little information is available regarding changes to 
be expected from extreme rates such as were used in this 
study. 
The effect of fertilizer treatment on soil pH, available 
P and exchangeable K levels will be considered for the 0-6 
inch depth, as well as the deeper layers sampled. The 0-6 
inch layer approximates the depth of plowing and represents 
the depth which is most commonly tested for practical purposes 
Both P and K are relatively immobile elements and are not gen­
erally believed to move very far below the zone of physical 
incorporation when normal rates are applied to agricultural 
soils. The data accumulated in this study provide an oppor­
tunity to measure the depth and extent of their movement when 
exaggerated quantities are applied. 
The soil samples were collected from both sites in the 
fall of 1971 following the completion of field work. Samples 
were taken from each plot in 5-inch increments to a depth of 
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36 inches. The Clarion-Webster site was resampled in the 
same manner in the fall of 1978. Tall fescue grass had been 
grown on the area during the interim, with the grass being 
mowed and the clippings allowed to remain on the surface. 
Most of the soil analyses were done by the Iowa State 
University Soil Testing laboratory according to procedures 
described in a preceding section. No attempt was made to 
measure residual N in the samples. It was believed that mea­
surement of NOg-N in the top three feet of the profile would 
be of little value because of the mobility of the NO^ ion. 
Differences in NO^ levels would probably have represented a 
temporary reflection of crop removal, the amount of preceding 
rainfall and drainage conditions in these imperfectly drained 
soils. It seemed doubtful that the amount of organic N in 
the soil would change much over a 7-year period. However, 
soil pH was measured to determine the depth and extent to 
which N applications had influenced this soil characteristic. 
The pH measurements were made on both H2© and CaCl2 extrac­
tions. The latter was included because it tends to mask the 
effect of soluble salts on pH levels. 
Available P was determined by both the Bray and Olsen 
methods. The latter method is thought to be more reliable 
for use on calcareous soil, such as that found at the Clarion-
Webster site. The free CaCO^ found in such soil tends to 
neutralize the dilute acid extractant used in the Bray test, 
resulting in erroneously low test values. 
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The first measure of fertilizer effect on soil tests 
consisted of running a simple correlation between fertilizer 
rates and the soil test levels for the element involved. A 
significant relationship was expected for the upper two sample 
depths because the fertilizer had been physically incorporated 
into these zones. However, observation of a similar rela­
tionship in the lower depths would provide evidence of mea­
surable nutrient movement. The correlation coefficients found 
for all depths at both sites are shown in Tables 11, 12 and 13. 
The correlation coefficients indicate a definite negative 
relationship between applied N and soil pH at both sites. 
The effect of N decreased with increasing depth but at the 
Agronomy Farm the correlation was significant at the 5% 
probability level for the lowest depth, indicating some effect 
on pH throughout the three feet of soil that was sampled. 
The correlations for the Clarion-Webster site show that N 
sharply decreased pH for the 0-6 and 6-12 inch depths but had 
little effect below 12 inches. There apparently was enough 
free CaCO^ in the lower layers at this site to more than 
neutralize any acidity resulting from N additions. The soil 
was also higher in organic matter and clay content than that 
at the Agronomy Farm, which would provide more buffering ' 
against pH changes. 
A high positive correlation between applied P and soil-
test P was noted for both sites. The coefficients were highly 
significant for measurements by both methods at both sites 
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Table 11. Correlation of the rates of applied fertilizers 
with the soil test associated with these respec­
tive variables 
Applied vs soil test 
Phosphorus 
Depth 
(in.) Olsen Bray Potassium N vs pH 
Agronomy Farm (1971) 
0-6 0.954*** 0.932*** 0.977*** -0.770*** 
6-12 0.942*** 0.879*** 0.966*** -0.745*** 
12-18 0.569*** 0.181 0.520*** -0.360** 
18-24 0.458*** 0.441*** 0.514*** -0.244++ 
24-30 0.120 0.249* 0.256++ -0.236++ 
30-36 -0.026 0.000 0.052 -0.256++ 
***,**,*j^+Significant at the 0.01%, 0.5%, 1%, and 5% 
levels, 
Table 12. Correlation of the rates of applied fertilizers 
with the soil test associated with these respec­
tive variables 
Applied vs soil test 
Phosphorus 
Depth 
(in.) Olsen Bray Potassium N vs pH 
Clarion-Webster (1971) 
0-6 0.932*** 0.956*** 0.988*** -0.513*** 
6-12 0.866*** 0.776*** 0.909*** -0.406** 
12-18 0.619*** 0.596*** 0.659*** -0.104 
18-24 0.341** 0.397** 0.414** -0.075 
24-30 0.396** 0.179 0.191 -0.014 
30-36 0.216++ 0.000 0.172 -0.118 
****** ^''''''Significant at the 0.01%, 0.5%, and 5% levels. 
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Table 13. Correlation of the rates of applied fertilizers 
with the soil test associated with these respec­
tive variables 
Applied vs soil test 
Phosphorus 
Olsen Bray Potassium N vs pH 
Clarion-Webster (1978) 
0-6 0.859*** 0.883*** 0.868*** -0.333** 
6-12 0.864*** 0.820*** 0.939*** -0.309* 
12-18 0.341** 0.545*** 0.718*** -0.016 
18-24 0.487*** 0.475*** 0.464*** 0.087 
24-30 0.402** 0.267++ 0.187 0.130 
30-36 0.151 0.173 0.237 0.149 
***,**,*,++Significant at the 0.01%, 0.5%, 1%, and 5% 
levels. 
for all depths down to 24 inches. There was some evidence of 
significant effects at the 24-30 inch depth and the P ex­
tracted by the Olsen method was significantly correlated with 
applied P in samples from the 30-36 inch depth at the Clarion-
Webster site in 1971. The Olsen method appeared to generally 
give slightly higher correlation values for the lower depths 
at this site. 
There was a significant correlation between applied K 
and soil-test K to a depth of 24 inches at the Clarion-Webster 
site and to 30 inches at the Agronomy Farm. 
The correlation values for the 1971 and 1978 samplings at 
the Clarion-Webster site agreed well, indicating little change 
Depth 
( in. ) 
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in the level or movement of nutrients during the interim. 
The largest differences were noted for the N vs pH values, 
with the 1978 measurements showing less of a negative effect 
from applied N. 
Surface soil (0-6 in.) effects 
The plow layer is the portion of soil normally sampled 
for soil testing. Most work relating to changes in soil test 
levels from previous fertilizer applications has dealt with 
this layer. The 0-6 inch depth was selected to represent this 
zone in these experiments to avoid sampling below the depth of 
plowing and encountering dilution effects. 
Soil ^  
Application of NH^NO^ as a source of N is known to pro­
duce acidity in soils. Theoretically, the pH should continue 
to drop with increasing rates of NH^NO^ but there is little 
evidence to indicate whether this continued change is linear 
under field conditions. 
The pH values for the 0-6 inch depth in the 1971 sampling 
at both sites and the 1978 sampling at the Clarion-Webster 
site are shown in Tables 14, and Appendix Tables A7, A9, and 
All. Values for individual treatments are given in the appen­
dix tables, while Table 14 gives values for individual N rates 
averaged across all levels of P and K. The latter averages 
make it easier to observe N effects, but are based on the 
assumption that the neutral salts of P and K added as sources 
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Table 14. Soil pH values for the 0-6 inch depth at both 
locations as influenced by N rates averaged across 
all P and K levels 
Lb/A N 
applied 
annually 
Agronomy Farm 
Original 
1965 1971 
Clarion-Webster 
Original 
1965 1971 1978 
0 6.62 6.25 7.56 7.29 
200 6.70 6.25 7.60 7.18 
400 6.69 5.67 7.54 6.86 
600 6.71 5.45 7.61 6.75 
800 6.73 5.07 7.35 6.02 
1000 6.64 4.81 7.64 6.27 
1200 6.95 4.85 7.55 6.26 
7.15 
7.11 
6.92 
6.89 
6.25 
6.49 
6.65 
of these elements had little or no effect on soil pH. The 
pH referred to in these tables represent the water extraction 
method. Analyses of the data show little difference in the 
relationship between treatment and the water and CaCl2 ex­
traction values, consequently the more commonly used water 
values are used for discussion values. 
The initial pH values as determined by Powell (1968) 
in 1965 varied widely from plot to plot, reflecting differ­
ences in topography and soil characteristics. The pH of the 
control plots have likewise varied some from sampling to 
sampling. These variations were probably due to differences 
in seasonal date of sampling, soil moisture content, soil 
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salt content and to error associated with sampling and labora­
tory measurements. 
Despite the mentioned variations, pH levels were clearly 
reduced by continued application of N fertilizer. The average 
values in Table 14 for the 1971 sampling at the Agronomy Farm 
show a decrease from 6.25 to 4.85 as the annual N rate was 
increased from 0 to 1200 lb/A. A decrease from 7.29 to 6.26 
was noted for the Clarion-Webster site where the initial pH 
was approximately a unit higher. A comparison of the average 
values for the 1971 and 1978 samplings at the Clarion-Webster 
site shows a trend toward slightly higher readings in 1978. 
These differences are probably not significant but could in­
dicate some shift back toward the initial level. 
Figure 4 shows the regression lines, equations and the 
correlation coefficients for the simple regression of soil pH 
value on annual rate of N applied. The pH was reduced 0.00016 
units per pound of N applied at the Agronomy Farm. At the 
Clarion-Webster site, the reduction was 0.00016 and 0.0007 
pH units as measured in the 1971 and 1978 samplings, respec­
tively. 
Phosphorus 
In order to evaluate the simple effects of applied P, the 
assumption is made in this discussion that soil-test P levels 
were not influenced by any other factors. In reality, this is 
probably not true because soil-test P would be expected to 
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Figure 4. Regression of soil pH in the 0-6 inch depth on 
annual rate of N applied at both sites 
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respond to differences in crop removal, changes in soil pH 
and possibly other variables. Soil-test P values for both 
sites are shown in Table 15 and in Appendix Tables A13 to Al8, 
Both soils initially tested in the low range in avail­
able P (16-25 lb/A) by the Bray test. The average values in 
Table 15 show that in 1971 the annual 450 lb/A P treatment had 
increased P tests to over 600 lb/A at both sites. Correspond­
ing increases were measured with the Olsen test. Phosphorus 
levels changed very little between the 1971 and 1978 samplings 
at the Clarion-Webster site as measured by the Bray test but 
decreased sharply according to the Olsen test. The reason 
for this discrepancy is not known. 
Figure 5 shows the regression lines and equations for the 
regression of soil-test P on applied P. The rate of increase 
in the soil-test P level per pound of fertilizer applied at 
the Agronomy Farm was 0.192 for the Bray method and 0.110 
for the Olsen method. At the Clarion-Webster site the rate of 
increase was 0.238 in 1971 and 0.231 in 1978 as measured by 
the Bray method. 
Potassium 
Application of K fertilizer to the soil is usually re­
flected in subsequent soil tests which measure exchangeable K 
in the soil. The soil-test K levels for the 0-6 inch depth 
at both sites are presented in Table 16, and Appendix Tables 
A19, A20, and A21. It is obvious from the average values in 
Table 15. Available soil P in the 0-6 inch depth at both sites as influenced by 
F rates averaged across all N and K rates 
Agronomy Farm Clarion-Webster 
Lb/A P 
applied 
annually 
Original 
1965 
1971 Original 
1965 
1971 1978 
Bray 01 s en Bray Olsen Bray Olsen 
1 v»/a -±D/ A JLD/ ii 
0 17 39 23 22 26 17 19 12 
75 13 119 70 17 117 67 108 73 
150 13 271 166 21 217 128 293 81 
225 15 343 207 18 304 194 324 103 
300 14 442 285 20 387 234 449 131 
375 15 535 329 19 548 297 528 149 
450 16 645 370 22 668 333 642 179 
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Figure 5. Regression of soil-test P in the 0-6 inch depth 
on the rate of P applied annually at both sites 
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Table 16. Available soil K in the 0-6 inch depth at both 
sites as influenced by applied K rates, averaged 
across all N and K rates 
Lb/A _K 
applied 
annually 
Agronomy Farm 
1971 
Clarion-Webster 
Original 
1965 
Original 
1965 1971 1978 
0 
150 
300 
450 
600 
750 
900 
lb/A 
114 149 
106 312 
108 540 
118 803 
105 959 
114 1261 
117 1475 
94 
85 
94 
87 
91 
101 
90 
-Ib/A-
114 
257 
549 
786 
1040 
1185 
1421 
217 
384 
662 
762 
944 
1176 
1140 
Table 16 that K levels in the surface soil increased sharply 
from the added K. The largest increases were approximately 
tenfold for application of an annual rate of 900 lb/A K. 
The regression data for changes in soil-test K in the 
surface soil with added K are shown in Figure 6. The rate of 
increase in soil-test K was 0.210 pounds per pound of K 
applied at the Agronomy Farm. Corresponding values for the 
Clarion-Webster site were 0.242 pound in the 1971 sampling and 
0.171 pound in the 1978 sampling. 
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2000 # Agronomy Farm 1971 
A Clarion-Webster 1971 
• Clarion-Webster 1978 
1600 -
1200 . 
800 
400 
Y = 253+1.12X 
r = 0.87*** 
Y = 117.39+1.49X 
r = 0.98***x 
Y = 98.07+1.48% 
r = 0.99*** 
0 150 300 450 600 
Annual K rate, lb/A 
750 900 
Figure 6. Regression of soil-test K in the 0-6 inch depth 
on the rate of K applied annually at both sites 
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Depth of treatment effects 
One of the major objectives of this study was to deter­
mine the depth of nutrient movement resulting from the ex­
aggerated rates of fertilizer. Nitrogen is a nutrient very 
subject to leaching and it seemed rather futile to try to 
measure accumulation at various depths in these soils which 
often have a water table near the surface and are artificially 
drained. However, it was mentioned earlier that the effect 
of N on soil pH is of agronomic importance and was an effect 
that could be assessed rather easily. Research in Iowa has 
shown that continued use of conventional rates of N reduce 
the pH of the plow layer but exert little effect on deeper 
layers. 
It is generally assumed that P does not move very far in 
the soil, but there is some evidence in the literature which 
indicates that downward movement becomes greater when P is 
applied in amounts exceeding the so-called fixation capacity 
of the soil. Potassium movement is also thought to be limited 
but it has been observed to move more extensively in lighter 
textured soils and when applied at higher rates. 
Average pH values for each N treatment at each depth of 
each sampling are shown in Tables 17, 18 and 19. These data 
were obtained by averaging all of the values for each treat­
ment containing a given N rate, regardless of the P and K 
rates. It was assumed that p and K probably had little or no 
effect on soil pH. An analysis of variance was calculated for 
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Table 17. Soil pH values (water suspensions) for the six 
depths averaged across P and K treatments at the 
Agronomy Farm in 1971 
Lb/A N 
applied 
annually 0—6 6-12 
Depth (inches) 
12-18 18-24 24-30 30-36 
0 6.25 6.41 6.81 7.06 7.63 7.85 
200 6.15 6.48 7.13 7.53 7.91 8.29 
400 5.67 5.93 6.84 7.02 7.46 7.94 
600 5.45 5.72 6.87 7.02 7.49 7.99 
800 5.07 5.18 6.30 6.82 7.41 7.79 
1000 4.81 4.87 6.65 7.08 7.63 7.91 
1200 4.85 5.06 6.43 6.94 7.49 7.81 
Table 18. Soil pH values (water suspensions) for the six 
depths averaged across P and K treatments at the 
Clarion-Webster site in 1971 
Lb/A N 
applied 
annually 
Depth (inches) 
0-6 6-12 12-18 18-24 24-30 30-36 
0 7.29 7.63 7.92 7.99 8.06 8.11 
200 7.18 7.72 8.12 8.21 8.25 8.31 
400 6.86 7.33 7.89 8.07 8.16 8.16 
600 6.75 7.31 7.96 8.08 8.15 8.19 
800 6.02 6.81 7.74 8.08 8.19 8.21 
1000 6.27 7.08 7.93 8.07 8.10 8.04 
1200 6.26 6.95 7.82 7.94 8.04 8.05 
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Table 19. Soil pH values (water suspensions) for the six 
depths averaged across P and K treatments at the 
Clarion-Webster site in 1978 
Lb/A N 
applied 
annually 0-6 6-12 
Depth (inches) 
12-18 18-24 24-30 30-36 
0 7.15 7.46 7.69 7.86 8.11 8.30 
200 7.11 7.69 7.82 8.11 8.21 8.43 
400 6.92 7.32 7.81 8.04 8.15 8.46 
600 6.89 7.17 7.81 8.00 8.12 8.37 
800 6.25 7.02 7.62 8.05 8.o7 8.37 
1000 6.49 7.11 7.86 8.01 8.14 8.35 
1200 6.65 6.97 7.69 7.97 8.20 8.43 
the pH data for each depth of each sampling to measure overall 
treatment effects. The mean squares for these analyses are 
shown in Table 20. 
Soil pH was measured on both H2© and CaClg suspensions 
of all samples. Both sets of data were evaluated but since 
the results lead to similar interpretations only the more 
commonly used H2O suspension data are reported and discussed 
in the text. 
The analyses of variance values show a significant repli­
cation effect at the 0-6 and 6-12 inch depths at the Clarion-
Webster site for both samplings. This is probably a reflec­
tion of the variability in pH which was initially observed 
at this site. Treatments significantly influenced the pH at 
Table 20, Analysis of variance of pH (water suspensions) soil test data 
Mean squares 
Source df 0—6 6-12 12-18 18-24 24-30 30-31 
Agronomy Farm (1971) 
Rep 1 0.11 0.002 0.56 0.96 0.02 0.01 
Trt 30 0.91*** 1.037*** 0.38 0.39 0.29 0.15 
Error 34 0.25 0.31 0.36 0.31 0.19 0.14 
Clarion-Webster (1971) 
Rep 1 7.9*** 2.2++ 0.06 0.26 0.00 0.00 
Trt 30 0.86* 0.51 0.13 0.44 0.05 0.06 
Error 34 0.39 0.42 0.18 0.47 0.06 0.06 
Clarion-Webster (1978) 
Rep 1 4.1** 4.9*** 0.14 0.05 0.08 0.00 
Trt 30 0.37 0.45 0.12 0.06 0.03 0.03 
Error 34 0.46 0.29 0.10 0.08 0.06 0.05 
***,**,*,•'•"'"Significant at the 0.01%, 0.5%, 1%, and 5% levels. 
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the 0-6 and 6-12 inch depths at the Agronomy Farm and Clarion-
Webster sites in 1971 but not at the latter site in the 1978 
sampling. It has to be assumed that most of this effect is 
due to the N levels in the treatments. No significant treat­
ment effect was observed for any of the other depths. 
The average values in Tables 17, 18, and 19 show sharp 
decreases in pH with increasing N rates for the 0-6 and 6-12 
inch depths in all samplings. The 0-6 inch depth was dis­
cussed in the preceding section and the data for the 6-12 
inch depth may not be too meaningful for study of depth 
effects because of the probable physical mixing of the fer­
tilizers into this zone by plowing. The 12-18 and lower 
depths are of main interest in measuring depth effects. 
Observation of the average pH values indicates some re­
duction in pH in the 12-18 inch depth for the three higher 
rates of N at the Agronomy Farm. The rate of decrease in pH 
for this depth was 0.0002 units per pound of N applied 
annually. Deeper samples did not appear to be influenced by 
N applications. However, the simple correlation analyses re­
ported in a preceding section did show a significant relation­
ship between added N and pH for all of the lower depths at 
this site. 
Neither observations nor correlations indicated much if 
any effect of N on pH below 12 inches at the Clarion-Webster 
site. There was probably enough free CaCOg at the lower depths 
to more than neutralize any acidity developed by N additions. 
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Average P levels obtained by averaging all the readings 
for a given F rate across all N and K rates are shown in 
Tables 21, 22, and 23. These values are for the Olsen method 
which is likely to be superior for use on subsoils of high pH 
levels. The analysis of variance data to show treatment 
effects on P levels are shown for both the Olsen and Bray 
methods in Tables 24 and 25. 
The analyses of variance data show significant treatment 
effects on P level down through the 12-18 inch depth by at 
least one method of measurement at the Agronomy Farm site. 
It is assumed that most of this effect was due to the P 
variable in the treatments, although N and its effect on pH 
could have been influential. The averages in Table 21 show 
a sevenfold increase in soil-test P levels in the 12-18 inch 
depth with increasing P rates applied. The two higher rates 
of P also appeared to increase P levels in the 18-24 depth at 
this site. 
The analyses of variance for the Clarion-Webster data 
indicate a significant effect of treatment on P levels through 
the 18-24 inch depth by at least one method of measurement. 
Phosphorus levels in 1971 increased from 8 to 64 lb/A in 
the 12-18 inch depth and from 3 to 12 lb/A in the 18-24 inch 
depth as the annual application was increased from 0 to 450 
lb/A P. These represented increases of approximately 0.021 
and 0.003 pounds of available P per pound of applied fer­
tilizer P. 
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Table 21. Available soil P levels (Olsen method) for the six 
depths averaged across N and K treatments at the 
Agronomy Farm in 1971 
Lb/A P 
applied 
annually 0-6 6-12 
Depth (inches) 
12-18 18-24 24-30 30-26 
-Ib/A-
0 23 15 5 1 3 6 
75 70 56 5 1 5 6 
150 166 100 7 1 5 5 
225 207 141 17 2 4 6 
300 285 210 24 1 3 5 
375 329 241 38 5 5 7 
450 370 274 34 6 5 5 
Table 22. Available soil P levels (Olsen method) for the six 
depths averaged across N and K treatments at the 
Clarion-Webster site in 1971 
Lb/A P 
applied 
annually 0-6  6-12 
Depth (inches) 
12-18 18-24 24-30 30-36 
-Ib/A-
0 17 
75 67 
150 128 
225 194 
300 234 
375 297 
450 333 
13 
38 
97 
110 
171 
193 
210 
8 
10 
24 
23 
53 
47 
64 
3 
5 
8 
8 
13 
6 
12 
5 
4 
5 
7 
7 
6 
8 
7 
6 
7 
7 
8 
7 
8 
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Table 23. Available soil P levels (Olsen method) for the six 
depths averaged across N and K treatments at the 
Clarion-Webster site in 1978 
Lb/A P 
applied 
annually 0-6 6-12 
Depth (inches) 
12-18 18-24 24-30 30-36 
-Ib/A-
0 12 10 9 5 4 5 
• 75 73 39 13 4 4 11 
150 81 72 41 9 7 9 
225 103 108 50 14 5 6 
300 132 123 78 31 5 9 
375 150 130 79 34 11 5 
450 179 162 113 58 14 6 
In the 1978 sampling at this site, P levels were con­
siderably higher for the 12-18 and 18-24 inch depths than in 
the 1971 sampling. The increase in soil-test P with increas­
ing rates was approximately tenfold for each of these depths. 
This site was in tall fescue grass during the interval be­
tween samplings without the addition of any P or the removal 
of any vegetation. The existence of higher levels of residual 
P in the lower depths at the later sampling may reflect some 
recycling of P by the deep rooted grass. 
The overall effect of treatment on P levels mentioned 
above could have been due to the N and K variables. It seems 
logical that the increased acidity from N additions might have 
influenced the solubility and movement of P. However, a 
Table 24. Analysis of variance of phosphorus (Olsen method) soil test values for 
all depths 
^ Mean squares 
Source df 0-6 6-12 12-18 18-24 24-30 30-36 
Rep 
Trt 
Error 
1 
30 
34 
Agronomy Farm (1971) 
41.2+ 0.01 1.63 
345.2*** 195.30*** 5.90* 
13.1 9.27 2.99 
0.45 
0 . 2 0  
0.17 
0.99 
0 . 0 2  
0.03 
0.19 
0.03 
0.03 
Rep 
Trt 
Error 
1 
30 
34 
361*** 
282*** 
14 
Clarion-Webster (1971) 
176** 
124*** 
14 
43** 
14.13** 
5.7 
0.4 
0.56 
0.54 
0.56* 
0.07 
0.07 
0.29 
0 .06  
0.05 
Rep 
Trt 
Error 
1 
30 
34 
221 
1037+ 
674 
Clarion-Webster (1978) 
2934* 
7362*** 
427 
96 
801 
587 
130 
733** 
266 
113 
84 
62 
26 
13.5 
12 
***,**,*,+Significant at the 0.01%, 0.5%, 1%, and 10% levels. 
Table 25. Analysis of variance of phosphorus (Bray-1 method) soil test values for 
all depths 
Source df 0—6 
Mean squares 
6-12 12-18 18-24 24-30 30-36 
Agronomy Farm (1971) 
Rep 
Trt 
Error 
Rep 
Trt 
Error 
Rep 
Trt 
Error 
1 
30 
34 
1 
30 
34 
1 
30 
34 
149 
984*** 
80.5 
25 
1081*** 
34 
20511 
107967*** 
13107 
24.3 
854*** 
106 
67 
63.9 
59 
Clarion-Webster (1971) 
785** 
414*** 
85 
34 
32* 
15 
Clarion-Webster (1978) 
84244* 
66806*** 
12047 
4208* 
1181* 
613 
2.8++ 
1.06* 
0.51 
0 . 6 8  
1.5 
1.4 
883 
730 
475 
0.41*** 
0.03 
0 . 0 2  
2.14** 
0.16 
0.18 
3.4 
45 
39.5 
12 
2.7 
2.6 
***,**,*,++Significant at the 0.01%, 0,5%, 1%, and 5% levels. 
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comparison of residual P levels resulting from some of the 
individual treatments suggest that any effect of N was ques­
tionable. For example, a comparison of the effects from the 
0-450-900 and the 1200-450-900 treatments does not show any 
consistent difference in residual P levels in the upper three 
depths. 
The soil test and analysis of variance data for the K 
measurements are shown in Tables 26, 27, 28, and 29. The 
analyses of variance show that treatment exerted a significant 
effect on soil-test K levels down through the 12-18 inch depth 
at both sites in the 1971 sampling. Treatment effects were 
also noted in the 18-24 inch depth in 1978 at the Clarion-
Webster site. 
The soil-test values show that the K content of the 12-18 
inch depth at the Agronomy Farm increased from 50 pounds in the 
control plot to 231 pounds in the plots which had received 
seven annual applications of 900 lb/A K. This represented an 
increase of about 0.029 pounds per pound of K applied. There 
was about a 50% increase in K in the 18-24 inch depth over 
the same range of treatments. 
Subsoil K levels were lower at the Clarion-Webster site. 
The range for the extreme treatments was 43 to 118 pounds and 
36 to 49 pounds for the 12-18 and 18-24 inch depths, respec­
tively. Levels were somewhat higher in these depths for the 
1978 sampling, as was the case with P, 
Some question may exist as to whether the downward 
80 
Table 26. Available soil K levels for the six depths aver­
aged across N andP treatments at the Agronomy 
Farm in 1971 
Lb/A K 
applied 
annually 0 — 6  
Depth (inches) 
6-12 12-18 18-24 24-30 30-36 
-Ib/A-
0 149 98 50 45 43 40 
150 312 271 61 44 42 39 
300 540 490 126 48 46 38 
450 803 673 116 56 46 41 
600 959 940 131 53 52 41 
750 1261 1191 155 69 56 38 
900 1475 1390 231 71 48 41 
Table 27. Available soil K levels for the six depths aver­
aged across N and P treatments at the Clarion-
Webster site in 1971 
Lb/A K 
applied 
annually 0-6  
Depth (inches) 
6-12 12-18 18-24 24-30 30-36 
lb/A-
0 114 57 43 36 31 35 
150 257 92 50 41 32 37 
300 549 222 62 43 32 37 
450 786 317 58 42 35 39 
600 1040 663 83 50 35 36 
750 1185 708 86 46 38 41 
900 1421 1047 118 49 32 40 
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Table 28. Available soil K levels for the six depths aver­
aged across N and P treatments at the Clarion-
Webster site in 1978 
Lb/A K 
applied 
annually 
Depth (inches) 
0-6 6-12 12-18 18-24 24-30 30-36 
-Ib/A-
0 217 65 47 37 32 28 
150 384 83 51 40 37 35 
300 662 205 62 41 33 34 
450 762 298 69 41 40 36 
600 944 418 108 41 35 32 
750 1176 742 142 47 38 37 
900 1139 952 248 53 41 37 
movement of P and K was by chemical or physical means. It is 
entirely possible that some physical movement occurred as a 
result of soil crumbling down cracks, worm holes and other 
channels in the soil. Some differential movement may have 
resulted from increased nutrient concentration in the roots of 
the highly fertilized plants. However, it seems reasonable 
to assume that the number of soil cores taken per treatment 
would largely represent a measure of general downward movement 
of these elements in solution in the soil water supply. 
In summary, the rate of decline of soil pH in the surface 
12 inches was closely related to the pounds of fertilizer N 
applied. At the Clarion-Webster site, where more CaCOg was 
present in the lower horizons, soil pH was not influenced 
Table 29, Analysis of variance of potassium soil-test values for all depths 
Mean squares 
Source df 0-6 6-102 12-18 18-24 24-30 30-36 
Agronomy Farm (1971) 
Rep 1 23045 3230 14569 200 35 0.21 
Trt 30 472521*** 368083*** 17340** 444 115 61 
Error 33 12081 12206 6053 288 114 92 
Clarion-Webster (1971) 
Rep 1 180 3682 131 19 23 2199*** 
Trt 30 466262*** 289279*** 2173*** 125 36 55 
Error 33 4399 8034 511 87 50 56 
Clarion-Webster (1978) 
Rep 1 5805 13245** 101 1.2 170 30 
Trt 30 323639*** 227272*** 13840*** 175* 106 51 
Error 33 19305 2306 1627 87 126 93 
***,**,*Significant at the 0.01%, 0.5%, and 1% levels. 
83 
below this depth. The higher N rates decreased the pH of the 
12-18 inch depth by 0.3 to 0.5 units at the Agronomy Farm. 
Application of fertilizer P increased soil-test P levels 
seven- to eightfold in the 12-18 inch depth at both sites, 
with the Clarion-Webster site showing higher absolute levels. 
There were trends for increased amounts in the 18-24 inch 
depth. 
Soil-test K levels were increased by fertilization to a 
depth of 24 inches at both sites. Levels were higher in the 
18-24 inch zone at the Agronomy Farm site. 
Multiple regression analyses of soil test P, K and pH data 
The preceding analysis of variance and correlation only 
indicate that there were significant effects due to N, P and 
K treatments for each set of soil sample data.' In order to 
ascertain more fully the effects due to the fertilizer ele­
ments and probable interactions between fertilizers applied, 
a multiple regression analysis of the data was made for each 
individual sampling by fitting the general model 
Y = bg + b^ N + bg P + bg K + b^^ P^ + b^^ 
+ b^2 NP + bj^g NK + ^23 ^123 ® 
where bg is the intercept which is an estimate of the amount 
present in soil if no fertilizer had been applied. The b's 
are the partial regression coefficients and e is a random 
error component. No attempt was made to reduce the terms from 
the model since the main purpose of the multiple regression 
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analysis was to study the possible interactions among the 
N, P and K variables. The multiple correlation coefficient 
(R ) measures the fraction of the variation in the dependent 
variable explained by the regression on the independent vari­
ables. It was calculated by 
a2 = SSE 
2 
where SSR is the sum of squares due to regression and SY 
is the total corrected sum of squares. 
Soil pH Table 30 shows the partial regression coef-
2 ficients, their significance level and the R value for soil 
test pH. As might be expected the treatment effect was due 
mainly to applied N. A significant negative linear N effect 
was noted for all depths at the Agronomy Farm site and the two 
surface depths of both samplings at the Clarion-Webster site. 
The negative linear N coefficients indicated an adverse effect 
of N on soil pH. The positive quadratic N coefficients, al­
though not significant, indicated a decreasing rate of de­
crease in soil pH with increasing N rates applied. The 
positive significant linear P effect for three depths of the 
Clarion-Webster site data in 1971 reached the probability 
level of 10%, and the negative significant quadratic P effect 
for some depths indicated that the availability of P increased 
as the amount of applied N increased. This increased avail­
ability was due to more acidity produced by applied N. 
There was a positive significant NP interaction in the data 
2 Table 30. Regression coefficients, significance levels, and R values obtained from 
fitting a regression equation to soil pH (water suspension) data for each 
sampling 
Vari- Depth (inches) 
able 0-6 6-12 12-18 18-24 24-30 30-36 
Agronomy Farm (1971) 
^0 6.25 6.79 7.38 7.77 8.1 8.29 
N -0.002*** -0.002*** -0.006** -0.001++ -0.001++ -0.00006++ 
P 0.0004 0.0001 0.001 0.001 0.001 -0.001 
K 0.0001 0.0001 -0.001 -0.0008 -0.001 -0.0004 
N2 0.008 0.006 -0.0009 0.008 0.007 -0.003 
-0.033 -0.025 -0.048 -0.074 -0.073 0.024 
-0.0006 -0.0009 0.011 0.003 0.007 -0.0003 
NP 0.015* 0.017** 0.019 0.017 0.013 0.008 
NK -0.0005 -0.002 0.0005 0.001 0.006+ 0.008 
PK -0.002 -0.003 0.020 0.021 0.029 0.018 
NPK 0.000 0.000 -0.000 -0.000 -0.000 -0.000 
R2 0.65 0.62 0.24 0.20 0.20 0.15 
***,**,*,++,+Significant at the 0.01%, 0.5%, 1%, 5%, and 10% levels. 
Table 30. (Continued) 
Depth (inches) Vari­
able 0-6 6-12 12-18 18-24 24-30 30-36 
Clarion-Webster (1971) 
bo 7.86 7.96 7.85 7.97 7.97 8.02 
N -0.001*** -0.001*** -0.0001 -0.00007 0.0001 -0.0001 
P 0.0008+ 0.002+ 0.001 0.0008 0.001 0.001+ 
K -0,0004 -0.0007 -0.0001 -0.0002 0.00005 0.00008 
N2 0.008 0.007 0.005 0.0003 -0.0009+ 0.0003+ 
-0.027 -0.064 -0.025 -0.006 -0.030+ -0.039+ 
0.003 0.005 0.001 0.002 -0.001 -0.022 
NP -0.021+ -0.015 -0.003 -0.001 0.002 0.0009 
NK -O.OCOl 0.002 0.004 -0.0005 0.001 0.001 
PK 0.009 0.013 0.011 0.004 0.010 0.008 
NPK 0.000 -0.000 -0.000 0.000 0.000 0.000 
0.53 0.35 0.13 0.03 0.18 0.22 
Clarion-Webster (1978) 
bo 7.25 7.75 7.70 7.91 8.04 8.19 
N -0.001** -0.001** -0.00002 -0.00003 -0.0003 -0.0001 
P 0.002 0.003 0.002 0.002 0.0008 0.001++ 
K -0.001 -0.0004 -0.0003 -0.0001 0.0003 0.0002 
N2 0.008 0.006 0.0009 0.001 0.003 0.001 
p2 
-0.057 -0.086+ -0.048+ -0.056* -0.019 -0.022+ 
K2 0.002 0.004 0.003 0.001 0.003 -0.004 
NP -0.012 -0.012 -0.008+ -0.003 0.002 0.003 
NK -0.008 0.003 0.030 0.0008 0.002 0.002 
PK O.OlO 0.007 0.049 0.004 0.007 0.009 
NPK -0.000 -0.000 -0.000 0.000 0.000 0.000 
r2 0.30 0.38 0.20 0.20 0.17 0.23 
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from the upper two depths at the Agronomy Farm, while this 
interaction was negative in some of the Clarion-Webster data, 
indicating that more or less response occurred to N or P at 
2 high levels of one or both of these factors. The R values 
ranged from 0.30 to 0.65 for the surface soil data from these 
two sites, indicating that applied fertilizer variables ac­
counted for much of the variability in soil jdî. 
Soil phorphorus The similar general model was fitted 
to the soil test P data for each soil sampling. The designa­
tion of the variables is the same as discussed under soil 
test pH. The partial regression coefficients, their signifi­
cance and the values are presented in Table 31. The re­
sponse was mainly to applied P, but applied N exerted a strong 
positive effect upon P soil test levels in the upper depth at 
both sites. Linear N had a significant positive effect, 0.001 
probability level, at both locations. This indicated that 
acidification of soil by high rates of N had influenced the 
availability of P in the soils. 
Linear P effects were significant at the 0.0001 or 0.005 
level in most depths at both locations. The positive quad­
ratic P effect at the Agronomy Farm, although not significant, 
indicated an increasing rate of increase in soil-test P with 
increasing rates of applied P. At the Clarion-Webster Farm 
the quadratic P effect was negatively significant in some 
depths. Potassium effects were generally small; however, 
there was a significantly positive PK interaction for one 
2 Table 31. Regression coefficients, significance levels and R values from 
fitting a regression equation to soil-test P (Olsen method) data 
for each soil sampling 
Vari- Depth (inches) 
able 0-6 6-12 12-18 18-24 24-30 30-36 
Agronomy Farm (1971) 
bo -0.12 -0.31 0.27 -0.06 0.47 0.62 
N 0.007*** 0.007** -0.0004 -0.0002 -0.00001 0.0003 
F 0.076*** 0.054*** 0.0004*** -0.001*** -0.0003 -0.0009 
K 0.006 0.002 -0.0005 0.0005 0.0005 -0.00004 
N2 -0.049* -0.037 0.006 0.002 0.0005 -0.001 
p2 0.042 0.217 0.052 0.045 0.013 0.012 
k2 -0.087 -0.033 -0.003 -0.007 -0.005 -0.0006 
NP 0.044 -0.112 0.048 0.008 -0.002 0.0008 
NK 0.002 -0.006 0.003 -0.0003 -0.001 -0.0004 
PK -0.018 -0.087 0.101 0.029* -0.002 0.009 
NPK -0.0001 0.0002 -0.0001 -0.000 0.000 -0.000 
R^ 0.93 0.90 0.40 0.42 0.38 0.17 
Clarion-Webster (1971) 
bo -0.39 -0.93 0.03 0.38 0.52 0.71 
N -0.013+ 0.006*** 0.0005** -0.008 -0.0003 -0.0002 
P 0.096*** 0.041*** -0.00003*** 0.002** 0.001** 0.0005+ 
K 0.006 -0.003 0.001 0.001 0.0001 0.0003+ 
***,**,*,•'"Significant at the 0.01%, 0.5%, 1%, and 10% levels. 
Table 31. (Continued) 
Depth (inches) 
vari­
able 0—6 6-12 12-18 18-24 24-30 30-36 
0.110 -0.059 -0.011 0.005 0.005 0.001 
-0.543++ -0.045 0.211 -0.043 -0.019 -0.001 
-0.081 0.041 -0.018 -0.008 -0.002 -0.002 
NP -0.007 0.126** O.lOl** 0.029+ -0.003 0.005 
NK 0.004 0.002 0.004 0.002 -0.0003 -0.0006 
PK -0.003 -0.099 -0.088 -0.008 -0.0004 -0.006++ 
NPK 0.000 0.0001 0.0001 -0.000 -0.000 -0.000 
0.91 0.85 0.63 0.25 0.31 0.28 
Clarion-Webster (1978) 
bo 20.78 4.93 3.08 0.86 2.40 3.72 
N 0.049 -0.010*** 0.022 0.014** -0.001 0.004 
P 0.252** 0.436*** 0.194** -0.056*** 0.005** 0.014 
-0.077 -O.Oll 0.015 0.019 0.0006 -0.001 
N2 -0.412 0.008 -0.165+ —0.166 0.016 -0.036 
Po -4.24 -3.86 -3.29++ 1.38 0.799 -0.086 
0.865 0.175 -0.201 -0.184 -0.013 0.071 
NP -0.347 1.59** -0.035 1.32** -0.249 -0.049 
NK 0.088 -0.004 0.0003 0.006 0.007++ -0.027 
PK -0.273 -0.374 0.475 0.066 -0.445 -0.219 
NPK 0.0002 -0.0002 -0.0004 -0.0007 0.0006++ 0.0002 
0.73 0.83 0.27 0.50 0.34 0.14 
^^Significant at the 5% level. 
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depth at the Agronomy Farm, and a negatively significant PK 
interaction for one depth at the Clarion-Webster Farm in 1971. 
A positive significant MP interaction was found for some 
depths in both samplings at the Clarion-Webster Farm. A 
significant positive NK or NPK interaction was also found in 
at least one of the lower depths in each sampling at this sit 
site. 
Soil potassium Soil-test K levels were mainly influ­
enced by applied K; however, applied N and P exerted some 
effects. The partial regression coefficients, their signifi-
cance and the R values are presented in Table 32. Linear K 
effects were highly significant for the upper four depths in 
all samplings and exerted some influence on K levels in the 
lower two depths. At the Agronomy Farm, the quadratic K ef­
fect was positive, although not significant in all depths. 
This indicated that very high rates of applied K increased the 
rate at which available K increased. At the Clarion-Webster 
site in both 1971 and 1978, quadratic K effects were positive 
in the 6-12 and 12-18 inch depths, but showed negative but 
not significant effects in the other depths. The former in­
dicated that high levels of applied K increased soil test K 
less per unit of applied K than lower levels of applied K. 
Linear N had a significant positive effect at the 0-6 
and 6-12 inch depths but a negative effect at the 12-18 inch 
depth at the Agronomy Farm. There was also significant nega­
tive effect of linear N, 0.0001 or 0.005 probability level. 
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Table 32. Regression coefficients, significance levels, and the R values from 
fitting a regression equation to soil-test K data from each soil 
sampling 
Vari- Depth (inches) 
able 0-6 6-12 12-18 18-24 24-30 30-36 
Agronomy Farm (1971) 
bo 96.41 43.18 34.36 46.34 41.68 38.78 
N 0.075++ 0.586*** -0.051*** 0.006 -0.006 -0.013 
P -0.526* -0.946 0.027 -0.006 0.014 0.057 
1.588*** 1.013*** -0.024*** -0.021*** 0.028++ -0.008 
N2 -0.075 -4.09 0.552 -0.066 0.044 0.086 
P? 12.02 19.75** -0.249 -0.716 -0.044 -1.21 
k2 0.167 4.59++ 0.592 0.425 -0.171 0.091 
NP -0.059 -0.087++ -0.162+ 0.227 0.056 -0.075 
NK -2.12+ 1.22 3.20** 0.056 -0.028 -0.003 
PK -1.12 3.09 1.41 0.779 -0.095 0.015 
NPK 0.003 0.007+ -0.005+ -0.0004 -0.0001 0.0001 
R2 0.96 0.95 0.59 0.32 0.12 0.05 
Clarion-Webster (1971) 
bo 126.39 74.03 54 c 03 37.11 30.98 45.51 
N -0.021*** -0.007*** -0.036** -0.005 -0.001 -0.018 
P -0.154** 0.203 -0.050 -0.019 -0.011 -0.027 
K 1.45*** -0.009*** 0.019*** 0.036** 0.021 0.017+ 
***,**,*,++,+Significant at the 0.01%, 0.5%, 1%, 5%, and 10% levels. 
Table 32. (Continued) 
Depth (inches) 
Van- ^ 
able 0-6 6-12 12-18 18-24 24-30 30-36 
N2 -0.016 -0.319** 2.07++ 0.021 0.024 0.105 
-0.815 -5.92 0.834 0.402 0.073 0.308 
-1.05 10.22*** 0.406 -0.183 -0.166 -0.182 
NP l.Ol 0.743 0.246+ O.lOl 0.064 0.171 
NK 1.06 3.37*** 0.466* -0.076 -0.067 0.096 
PK 4.11+ -1.81 -0.779 -0.303 0.071 0.171 
NPK -0.002 0.002 0.0009 0.0004 0.000 0.0003 
R2 0.98 0.92 0.65 0.24 0.10 0.46 
Clarion-Webster (1978) 
bo 256.07 86.92 60.80 37.84 36.25 32.61 
N -0.160*** -0.015** -0.035** 0.005 0.007 -0.005 
P 0.079++ 0.135 -0.124 -0.014 -0.011 0.006 
K 0.637*** -0.132*** -0.079*** 0.0009*** -0.002 0.004+ 
N2 -1.65+ 0.084*** 0.284*** -0.095 -0.113 0.015 
p2 
-7.19 -4.48** 2.71++ 0.219 0.232 -0.383 
k2 -1.35 12.17*** 2.92** 0.227 0.095 -0.021 
NP 1.30 0.339 -0.029* 0.172** 0.156 0.219 
NK 7.00*** 0.664 0.024* -0.061 0.063 0.061 
PK 13.22* 1.00 -1.74 -0.427 -0.179 0.101 
NPK -0.008 -0.001 0.004* 0.0007+ 0.0001 -0.0001 CM 
0.87 0.97 0.77 0.39 0.11 0.10 
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in the upper depths at the Clarion-Webster Farm in 1971 and 
1978. There was a positive and highly significant NK effect 
in the upper layers at both locations except for the 0-6 inch 
depth at the Agronomy Farm. The PK term was significant and 
positive in the surface soil data from the Clarion-Webster 
Farm and an NPK effect was evident in some of the upper depths 
at the Agronomy Farm in 1971 and the Clarion-Webster Farm in 
1978. 
In summary, the treatment effects as measured by the re­
gressions accounted for a high percentage of the differences 
measured in the soil-test data. The linear effects of the 
nutrients in question were of dominant influence on soil-test 
levels. Some of the quadratic and interaction effects were 
of statistical significance but were not always consistent or 
explainable from an agronomic standpoint. 
The changes in soil pH were primarily explained by the 
linear effects of N. These effects were of significance for 
the 0-6 and 6-12 inch depths in the Clarion-Webster samplings 
but were measurable in all sample depths at the Agronomy Farm. 
Phosphorus effects on soil-test P were evident to a depth 
of 24 inches at the Agronomy Farm but to 30 inches or more at the 
Clarion-Webster site. The P increases were mainly explained 
by the P terms in the equations but some of the N terms were 
significant, indicating some effect of N on soil-test p 
changes. 
The linear effects of K were significant to a depth of 
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24 and 30 inches for the Clarion-Webster and Agronomy Farm 
samples, respectively. Some of the N terms, particularly the 
linear ones, seemed to influence K tests in the upper depths. 
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SUMMARY AND CONCLUSIONS 
Two field experiments, located on Webster soils in 
central Iowa, were conducted from 1965 through 1971 to in­
vestigate the effects of very high rates of N, P, and K fer­
tilizers on corn yields and soil-test nutrient levels. The 
annual fertility treatments included combinations of seven 
levels of N, P and K, with the top rates being 1200, 450 and 
900 lb/A, respectively. 
The objectives of this study were to evaluate the effects 
of the fertilizer applications ont (1) corn yields during the 
final four years of experimentation, (2) soil-test P, K and 
pH levels in surface and depth samples collected at the 
termination of the work in 1971, and (3) soil-test levels in 
samples collected from one site seven years after the last 
fertilizer application. 
Corn grain yield levels and responses to fertilization 
varied with seasonal weather conditions at the Clarion-Webster 
site from 1968 to 1970 and at the Agronomy Farm site from 
1968 to 1971. Yields averaged across all treatments ranged 
from 97 bu/A at the Agronomy Farm in 1970 to 159 bu/A at the 
Clarion-Webster site in 1969. 
Yields attained near maximum levels with a treatment 
combination containing the first increment of each individual 
element (200-75-150). However, yields were not generally re­
duced by higher rates as long as all three elements were 
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simultaneously increased. For example, the highest individual 
yield measured was 188 bu/A at the Clarion-Webster site in 
1969, following five annual applications of the 1200-450-900 
treatment. 
Some significant yield decreases were noted each season 
at both sites. The largest depressions were associated with 
unbalanced ratios of N-P-K, particularly with treatments con­
taining the higher rates of P and/or K without any N. For 
example, the 0-225-450 treatment produced the lowest yield 
all four years at the Agronomy Farm and was among the poorer 
treatments at the Clarion-Webster site each year. 
A comparison of some of the individual treatment yields 
shows that high combined rates of N and K may have caused some 
yield reduction. These decreases were possibly due to soluble 
salt accumulation in the soil or to reduced soil pH resulting 
from the high N rates. Yield depressions were generally 
larger at the Agronomy Farm site, probably because the soil 
was somewhat coarser textured, lower in organic matter and 
less well-buffered than the soil on the Clarion-Webster site. 
General observation and multiple regression analyses of 
the yield data showed that the largest yield response was to 
applied N, with smaller, less consistent responses to P and K 
observed at both sites. The regression data indicate that 
the linear effect of N was significant at the 0.05 level in 
all of the seven site years and the quadratic N term was sig­
nificant in six of the seven. The coefficient for the latter 
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term was negative, denoting a decreasing response to N with 
increased rates of applied N, 
The P and K terms and some of the interaction terms were 
significant for individual site years but were not consistent 
2 
enough to permit any general conclusions. The regression R 
values ranged from 0.23 to 0.75 for individual site years. 
A second objective of this study was to measure the 
changes in soil-test values following six or seven annual 
applications of the fertility treatments. Soil samples were 
taken in 5-inch increments to a depth of 36 inches at both 
sites in the fall of 1971 for this purpose. The magnitude of 
change in the plow layer or the 0-6 inch depth and the depth 
of nutrient movement into the soil were of primary interest. 
No attempt was made to measure the accumulation of nitrates or 
other forms of N in the soil but the effect of N on soil pH 
was determined. Available soil P was measured by both the 
Bray and Olsen methods and exchangeable K was measured by a 
standard procedure. 
The soil pH in the 0-6 inch depth was observed to have 
dropped sharply with increased rates of applied N. Average 
pH values showed a decrease from 6.25 to 4.85 at the Agronomy 
Farm and from 7,29 to 6.26 at the Clarion-Webster site as the 
annual N rate was increased from 0 to 1200 lb/A, These values 
represented decreases of 0,00016 and 0,00014 pH units per 
pound of N applied at the two sites, respectively. Simple 
correlation and multiple regression analyses of the pH data 
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showed that the N treatments were largely responsible for the 
2 
observed decreases. The regression R values for the effect 
of treatment on pH were 0.65 and 0.53 for the Agronomy Farm 
and Clarion-Webster sites. 
There was little evidence of any pH change below 12 
inches at the Clarion-Webster siteo However, on the less 
well-buffered soil at the Agronomy Farm, definite pH reduc­
tions were measured to a depth of 18 inches and some evidence 
of slight decreases were noted for the lower depths. These 
pH changes were again related almost entirely to the linear 
effect of N. 
Available soil P, in the 0-6 inch depth was observed to 
increase almost linearly with increased rates of applied P 
fertilizer. Maximum levels at both sites reached the 600-
700 lb/A range as measured by the Bray test and 300-400 lb/A 
by the Olsen test. These levels for the Bray test repre­
sented increases of 0.192 and 0.238 lb/A of soil-test P per 
pound of P applied at the Agronomy Farm and Clarion-Webster 
sites, respectively. 
Regression analyses indicated that P levels in the 0-6 
inch depth were mainly related to applied P rates. The sig­
nificant linear N term in the equation for the Agronomy Farm 
data probably reflected the indirect influence of reduced pH 
on P availability. The R values of over 0.90 at both sites 
indicated that the treatments explained most of the varia­
bility observed in the soil-test p data for this depth. 
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Phosphorus treatments increased soil-test levels by 
seven- to eightfold in the 12-18 inch depth at both sites, 
with levels reaching as high as 64 lb/A at the Clarion-
Webster site. Absolute levels were very low but fertiliza­
tion increased available P fourfold in the 18-24 inch depth 
at the Clarion-Webster site. The top two rates of applied P 
seemed to give very slight increases in this depth at the 
Agronomy Farm. The P increases were largely explained by the 
P terms in the regression equations but some of the N terms 
were significant, again indicating some influence of N on 
2 
soil-test P values. None of the R values exceeded 0.23 for 
the equations dealing with depth data below 12 inches. 
Exchangeable K in the 0-6 inch depth increased almost 
linearly with K fertilization to maximum levels of over 1400 
lb/A at both sites. Increases per pound of applied K fer­
tilizer were 0.210 and 0,242 for the Agronomy Farm and Clarion-
Webster sites. The linear N and P terms, as well as the 
linear K term, were significant in the regression equations 
for this depth. 
Fertilization increased average K levels in the 12-18 
inch depth from 50 to 231 lb/A in the Agronomy Farm samples 
and from 43 to 118 lb/A in the Clarion-Webster samples. In­
creases of approximately one and one-half-fold were observed 
in the 18-24 inch depth at both sites and slight increases 
were noted in the 24-30 inch depth at the Agronomy Farm. The 
linear K coefficient was highly significant in all regression 
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equations involving depths to 24 inches at both sites. Some 
of the N terms, particularly the linear ones, seemed to in­
fluence K levels in the upper depths. Most of the linear 
N terms were negative, indicating that N additions had re­
duced the amount of K in the soil. 
A third objective of this study was to measure changes 
in the test levels of soil samples collected at the Clarion-
Webster site seven years after the termination of the experi­
ment. The site received no fertilizer during the interim and 
was planted to tall fescue grass with the clippings being 
allowed to remain on the soil surface. Soil sampling and 
analytical procedures were consistent with those used in the 
1971 sampling. 
The soil test values measured in the 1978 samples were 
fairly consistent with those noted in the 1971 samples. Ap­
parently no large change had occurred in the concentration or 
movement of nutrients during the seven-year interim between 
samplings. Among the trends noted was the tendency for the 
pH to be slightly higher in surface samples from the plots 
which had received high N rates, and for the P (Bray test) 
and K levels to test slightly lower in the 0-12 inch depth 
but slightly higher in the 12-24 inch depths. However, these 
trends were not definite and one has to conclude that nutrient 
levels and movement had not been greatly influenced by chemi­
cal reaction, physical movement or plant recycling during the 
time interval, 
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In general, the data indicated no definite advantage for 
extreme rates of fertilizer, as measured by corn yields. 
However, the large quantities of applied fertilizer salts 
caused little harmful effect as long as a balanced ratio of 
N, P and K was maintained. The influence of N fertilizer on 
soil pH and downward movement of P and K were measured to a 
depth of 12 to 24 inches, even on heavy well-buffered soils. 
Measurements to evaluate plant growth characteristics and 
plant chemical composition would have provided useful informa­
tion to supplement these yield and soil analyses results. 
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Table Al. Grain yield (bu/A) of corn for individual plots in 
1968, 1969, 1970, and 1971 at the Agronomy Farm 
site 
Trt 
no. 
1968 1969 1970 1971 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1 91. 2 101 .6 107. 9 110. 7 105 .2 122 .4 65. 5 78 .3 
2 79. 7 108 .4 89. 4 106. 4 42 .9 124 .8 99. 0 119 .6 
3 63. 9 69 .2 59. 0 80. 6 22 .4 47 .6 24. 1 44 .1 
4 97. 5 110 .0 113. 8 133. 9 61 .4 90 .9 67. 7 69 .9 
5 96. 0 119 .3 107. 0 132. 0 100 .7 131 .1 47. 9 124 .3 
6 144. 0 138 .2 150. 9 156. 6 138 .3 81 .0 101. 8 110 .8 
7 142. 7 146 .0 156. 0 166. 0 136 .4 95 .3 133. 4 125 .5 
8 137. 5 136 .8 152. 4 150. 3 79 .7 53 .1 126. 8 124 .1 
9 148. 7 131 . 6 157. 8 153. 4 89 .3 52 .5 111. 5 131 .7 
10 133. 4 140 .0 166. 4 163. 8 58 .9 119 .0 113. 9 134 .6 
11 131. 0 130 .4 167. 9 159. 1 109 .0 83 .2 124. 0 110 .7 
12 137. 2 134 .7 157. 9 165. 2 104 .4 113 .2 126. 7 126 .7 
13 141. 3 139 .1 164. 1 162. 8 103 .4 96 .0 114. 1 125 .0 
14 125. 0 143 .6 134. 5 145. 8 87 .0 180 o2 97. 1 132 .1 
15 119. 0 137 .5 144. 6 168. 1 88 .7 97 .4 103. 7 117 .1 
16 139. 8 139 .9 158. 8 157. 1 116 .1 113 .9 123. 4 121 .0 
17 130. 8 131 .1 163. 2 168. 2 87 .4 99 .7 118, 9 128 .0 
18 137. 3 132 .1 161. 3 164. 5 130 .9 98 .7 135. 7 120 .7 
19 125. 1 134 .9 161. 9 143. 1 90 .5 82 .3 125. 4 129 .1 
20 128. 0 136 .9 156. 3 154. 4 110 .9 97 .4 126. 1 123 .2 
21 134. 7 131 .7 156. 5 148. 0 88 .7 156 .7 120. 8 145 .0 
22 120. 6 131 .3 155. 2 173. 3 79 .9 117 .3 94. 3 127 .4 
23 137. 7 127 .8 160. 4 152. 8 118 .4 104 .4 120. 0 125 .1 
24 127. 7 136 .1 152. 8 153. 8 64 .8 89 .9 85. 0 119 .3 
25 149. 1 139 .1 158. 0 161. 2 116 .7 117 .2 130. 1 141 .2 
26 124. 3 127 .4 169. 5 153. 7 87 .4 99 .3 126. 1 114 .9 
27 112. 1 136 .6 90. 1 98. 7 63 .3 119 .8 67. 7 128 .3 
28 130. 3 114 .3 102. 6 65. 1 108 .5 58 .7 137. 8 103 .6 
29 132. 8 129 .2 157. 1 149. 0 102 .2 125 .4 129. 7 114 .0 
30 117. 9 107 .9 129. 2 127. 8 100 .8 85 .4 85. 6 67 .8 
31 135. 1 139 .5 163. 1 144. 1 91 .4 148 .5 121. 6 124 .6 
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Table A2. Plant population (100 plants/A) of corn for in­
dividual plots in 1968, 1969, 1970, 1971 at the 
Agronomy Farm site 
_ . 1968 1969 1970 1971 
Trt 
no. Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1 195 192 208 205 248 247 205 216 
2 200 200 207 207 250 257 220 200 
3 201 189 194 198 242 253 203 200 
4 207 185 213 198 240 231 203 200 
5 192 187 185 189 240 231 211 229 
6 187 194 192 203 240 231 211 209 
7 201 189 218 207 237 224 207 213 
8 182 196 192 203 235 248 220 213 
9 178 189 200 196 250 250 216 224 
10 196 191 216 205 250 250 209 211 
11 174 191 207 211 235 235 220 213 
12 174 191 205 211 244 246 203 220 
13 182 192 207 213 253 253 220 213 
14 183 200 196 203 227 244 216 213 
15 180 185 213 203 233 237 203 207 
16 191 196 209 197 238 232 200 200 
17 200 189 207 216 242 237 200 209 
18 196 198 200 205 253 233 222 218 
19 172 189 213 200 240 250 207 220 
20 176 192 203 213 250 246 224 207 
21 203 191 216 207 235 242 200 218 
22 175 191 211 213 253 253 207 203 
23 172 189 209 205 237 255 231 211 
24 176 203 209 216 237 248 211 218 
25 192 192 216 207 242 244 207 209 
26 194 171 218 207 240 231 205 213 
27 187 182 189 179 246 235 211 218 
28 180 174 181 174 248 248 211 213 
29 209 176 198 205 233 242 203 207 
30 187 172 213 205 233 242 222 207 
31 174 176 207 205 253 235 211 216 
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Table A3. Average grain yield and plant population of corn 
in 1968, 1969, 1970, and 1971 at the Agronomy 
Farm site 
Plant population. lOO/A Grain yield. bu/A 
no. 1968 1969 1970 1971 1968 1969 1970 1971 
1 193 206 247 205 96.4 109.3 113.8 71.9 
2 200 207 253 210 94.1 97.9 83.8 109.3 
3 195 196 247 201 66.5 69.8 35.0 34.1 
4 196 205 235 201 103.7 123.8 76.2 68.8 
5 189 187 235 220 107.6 119.5 115.9 86.1 
6 190 197 235 210 141.1 153.7 109.6 106.3 
7 195 212 230 210 144.3 161.0 115.8 129.4 
8 189 197 241 216 137.2 151.3 66.4 125.4 
9 183 198 250 220 140.2 155.6 70.9 121.6 
10 193 210 250 210 136.7 165.1 88.9 124.2 
11 182 209 235 216 130.7 163.5 96.1 117.3 
12 182 208 245 211 135.9 161.5 108.8 126.7 
13 187 210 253 216 . 140.2 163.4 99.7 119.5 
14 191 199 235 214 134.3 140.2 133.6 114.6 
15 182 208 235 205 128.3 156.3 93.1 110.4 
16 193 203 235 200 139.8 157.9 115.0 122.2 
17 194 211 239 204 130.9 165.7 93.5 123.4 
18 197 202 243 220 134.7 162.9 114.8 128.2 
19 180 206 245 213 130.0 152.5 86.4 127.2 
20 184 208 248 215 132.4 155.3 104.2 124.6 
21 197 211 238 209 133.2 152.2 122.7 132.9 
22 182 212 253 205 125.9 164.2 98.6 110.8 
23 180 207 246 221 132.7 135.6 111.4 122.5 
24 189 212 242 214 131.9 109.3 77.4 102.2 
25 192 211 243 208 144.1 138.9 116.9 135.6 
26 182 212 235 209 128.3 161.6 93.3 120.5 
27 184 184 240 214 124.3 94.4 91.5 98.0 
28 177 177 248 212 122.3 83.8 83.6 120.7 
29 192 201 237 204 131.0 153.0 113.8 121.8 
30 179 209 237 213 112.9 128.5 93.1 76.7 
31 175 206 244 213 137.3 153.6 119.9 123.1 
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Table A4. Grain yields (bu/A) of corn for individual plots 
in 1968, 1969, and 1970 at the Clarion-Webster 
site 
_ . 1968 1969 1970 Trt — — 
no. Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1 88.0 92.2 96.7 105.3 78.9 80.4 
2 57.0 65.5 69.1 70.4 63.2 47.3 
3 72.0 63.4 85.6 66.3 68.5 66.9 
4 71.1 69.2 74.0 77.8 47.3 55.5 
5 104.1 66.1 147.9 125.8 115.1 86.8 
6 163.5 148.2 173.0 163.0 121.3 115.5 
7 148.3 155.5 155.1 163.0 110.7 133.5 
8 151.9 158.4 173.9 162.3 124.3 128.6 
9 159.3 158.3 171.2 157.7 104.6 131.1 
10 151.0 149.9 179.4 161.3 131.9 108.2 
11 150.5 153.9 166.2 169.2 107.9 126.6 
12 155.4 144.5 158.5 173.9 104.4 123.5 
13 164.6 152.0 184.1 177.2 109.1 109.5 
14 139.2 124.5 178.3 156.2 118.4 100.5 
15 146.9 132.7 174.3 156.7 125.6 115.9 
16 153.2 161.6 165.2 167.8 100.2 122.3 
17 148.3 157.5 174.3 175.4 115.0 110.5 
18 158.9 154.6 161.1 167.6 119.0 101.8 
19 147.4 146.6 161.9 172.8 122.4 118.4 
20 149.0 157.9 186.8 176.0 121.5 100.3 
21 151.7 163.8 180.0 170.3 110.6 105.6 
22 161.9 149.3 167.1 179.4 114.1 109.5 
23 152.5 145.3 177.2 171.3 109.0 116.5 
24 156.4 152.2 176.4 159.6 99.9 73.4 
25 158.4 148.3 196.0 177.5 114.8 111.7 
26 150.3 142.7 181.9 159.7 115.0 89.0 
27 128.8 96.0 183.8 162.8 105.5 98.0 
28 134.6 94.5 176.2 152.3 105.2 115.5 
29 152.0 121.5 179.5 192.8 116.9 125.6 
30 146.7 143.2 176.7 168.6 100.7 124.5 
31 140.2 134.8 190.9 185.3 109.9 111.0 
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Table A5. Plant population (lOO plants/A) of corn for in­
dividual plots in 1968, 1959, and 1970 at the 
Clarion-Webster site 
_ . 1968 1969 1970 
Trt 
no. Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1 204 192 191 216 226 225 
2 198 198 196 204 220 235 
3 209 185 200 198 231 224 
4 196 185 200 198 211 227 
5 203 196 194 200 224 224 
6 194 196 210 205 224 229 
7 196 203 200 192 216 240 
8 203 200 213 218 229 246 
9 205 194 213 203 240 224 
10 203 182 216 205 233 242 
11 203 209 216 196 235 231 
12 212 198 194 213 227 222 
13 207 200 207 196 227 224 
14 205 201 209 200 227 227 
15 207 182 205 218 246 222 
16 206 210 201 209 214 227 
17 192 196 211 209 227 227 
18 214 198 211 205 213 235 
19 196 205 209 213 213 220 
20 196 198 213 213 242 211 
21 185 207 213 209 220 235 
22 200 212 207 216 218 220 
23 203 209 200 222 235 231 
24 207 207 216 205 218 224 
25 220 178 213 213 231 220 
26 200 203 210 207 231 218 
27 187 203 213 203 229 231 
28 187 200 207 192 227 237 
29 209 187 200 209 229 218 
30 198 189 200 203 224 235 
31 189 191 205 222 229 218 
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Table A6. Average grain yield and plant population of corn 
in 1968, 1969, and 1970 at the Clarion-Webster 
site 
Plant population. lOO/A Grain yield. bu/A Trt 
no. 1968 1969 1970 1968 1969 1970 
1 198 203 225 90.2 101.0 79.6 
2 198 199 227 61.2 69.7 55.2 
3 197 199 227 67.7 75.9 67.7 
4 190 199 219 70.2 75.9 51.4 
5 200 197 224 85.1 136.8 100.9 
6 195 207 226 155.8 168.0 118.4 
7 199 96 228 151.9 159.0 123.1 
8 201 216 237 155.2 168.1 126.4 
9 199 208 232 158.8 164.4 117.8 
10 192 210 237 150.4 170.3 120.1 
11 206 206 233 152.2 167.7 113.9 
12 205 203 224 149.9 166.2 113.9 
13 203 201 225 158.3 180.6 109.3 
14 203 204 227 131.8 167.2 109.4 
15 194 211 234 139.8 165.5 120.7 
16 208 205 220 157.4 166.5 111.3 
17 194 210 227 152.9 174.8 112.7 
18 206 207 224 156.7 164.3 110.4 
19 200 211 216 147.0 167.3 120.4 
20 197 213 226 153.4 181.4 110.9 
21 196 211 227 157.7 175.2 108.1 
22 206 211 219 155.6 173.2 111.8 
23 206 211 233 148.9 174.2 112.7 
24 207 210 221 154.3 168.0 86.6 
25 199 213 225 153.3 186.7 113.2 
26 201 208 224 146.5 170.8 102.0 
27 195 209 230 112.4 173.3 101.7 
28 193 199 232 114.5 164.2 110.3 
29 198 204 223 136.7 186.2 121.2 
30 193 201 229 144.9 168.8 112.6 
31 196 213 223 137.5 188.1 109.9 
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Table A7. Average pH values (water suspension) of soil 
samples collected from the Agronomy Farm site 
in 1971 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 6.61 6.81 7.33 7.70 8.14 8.29 
2 6.56 6.65 6.53 6.78 7.18 7.55 
3 6.20 6.53 7.07 7.68 8.23 7.93 
4 6.08 6.15 6.60 6.73 7.25 7.85 
5 6.18 6.30 7.04 7.05 7.88 8.80 
6 6.07 6.13 6.88 7.13 7.80 8.13 
7 6.73 7.08 7.68 8.15 8.20 8.38 
8 5.83 6.25 6.88 7.25 7.83 8.30 
9 5.97 6.25 7.10 7.60 7.83 8.35 
10 5.50 5.80 6.70 7.05 7.53 7.88 
11 5.47 5.58 6.30 6.40 6.75 7.75 
12 6.30 6.58 7.45 7.73 7.85 8.25 
13 5.39 5.75 6.90 6.90 7.73 7.88 
14 5.19 5.55 6.37 6.57 7.10 8.23 
15 5.30 5.73 7.22 7.15 7.68 7.45 
16 5.82 6.04 7.15 7.20 7.59 8.01 
17 5.40 5.52 6.70 7.15 7.75 8.35 
18 5.20 5.48 6.63 6.85 7.28 7.90 
19 4.88 4.90 6.00 6.41 7.30 7.84 
20 4.90 5.13 6.35 7.03 7.73 8.03 
21 5.48 5.63 6.74 7.32 7.68 7.83 
22 5.03 5.08 6.13 6.52 6.95 7.45 
23 4.70 4.73 6.62 7.70 8.05 8.18 
24 4.75 4.83 6.48 6.59 7.48 7.95 
25 4.90 5.00 7.23 7.35 7.88 8.03 
26 4.85 4.93 6.30 6.72 7.10 7.49 
27 4.48 4.67 5.43 6.75 7.25 7.58 
28 4.58 4.55 6.00 6.68 7.43 8.00 
29 5.13 5.23 6.35 7.08 7.45 7.68 
30 4.72 5.08 6.68 6.98 7.37 7.83 
31 5.35 5.78 6.69 7.20 7.95 7.95 
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Table AS. Average pH values (CaCl2 suspension) of soil 
samples collected from the Agronomy Farm site 
in 1971 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-26 
1 5.87 6.10 6.75 7.08 7.46 7.69 
2 5.80 5.85 5.98 6.25 6.70 6.95 
3 5.48 5.73 6.28 7.08 7.63 7.55 
4 5.48 5.43 5.65 5.97 6.60 7.23 
5 5.48 5.60 6.03 6.35 7.30 7.60 
6 5.00 5.27 5.87 6.28 7.10 7.64 
7 6.09 5.37 6.93 7.58 7.70 7.73 
8 5.20 5.52 6.10 6.53 7.25 7.75 
9 5.40 5.60 6.30 7.00 7.25 7.73 
10 4.88 4.58 6.05 6.38 6.85 7.25 
11 4. 80 4.78 5.60 5.88 6.23 7.28 
12 5.73 5.93 6.85 7.08 7.39 7.58 
13 4.68 4.95 5.95 6.35 7.25 7.50 
14 4.45 4.89 5.83 6.10 6.70 7.78 
15 4.67 5.03 6.30 6.58 7.10 7.05 
16 5.20 5.33 6.53 6.71 7.14 7.52 
17 4.75 4.75 5.95 6.45 6.90 7.78 
18 4.58 4.78 5.90 6.33 6.75 7.53 
19 4.20 4.23 5.48 5.99 6.78 7.33 
20 4.19 4.40 5.74 6.62 7.25 7.55 
21 4.88 5.00 6.65 6.89 7.20 7.40 
22 4.35 4.45 5.78 6.10 6.48 7.00 
23 4.07 4.18 6.15 7.20 7.60 7.68 
24 4.15 4.23 5.50 6.26 7.08 7.65 
25 4.28 4.38 6.13 6.85 7.30 7.58 
26 4.30 4.33 5.65 6.24 6.74 7.04 
27 4.00 4.12 5.89 6.28 6.75 7.15 
28 4.03 4.05 5.55 6.35 6.90 7.58 
29 4.52 4.60 5.95 6.60 6.95 7.23 
30 4.24 4.63 6.13 6.57 6.95 7.45 
31 4.78 5.15 6.72 7.37 7.53 7.50 
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Table A9. Average pH values (water suspension) of soil 
samples collected from the Clarion-Webster site 
in 1971 
Soil depth (inches) 1 rt 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 7.60 7.78 7.78 7.80 7.89 7.98 
2 7.35 7.43 7.60 7.69 7.78 7.78 
3 7.45 7.90 8.18 8.18 8.30 8.40 
4 7.55 7.33 7.70 7.95 7.88 8.00 
5 7.33 7.80 8.20 8.17 8.30 8.25 
5 6.70 7.44 7.83 7.95 8.18 8.10 
7 7.53 8.00 8.20 8.35 8.33 8.25 
8 7.10 7.63 8.18 8.25 8.16 8.42 
9 7.40 7.83 8.27 8.27 8.32 8.45 
10 6.88 7.65 8.00 8.22 8.25 8.31 
11 6.75 7.28 7.92 8.05 8.25 8.20 
12 6.83 7.08 7.68 7.89 7.93 8.02 
13 6.98 7.30 7.95 8.15 8.20 8.15 
14 6.82 7.30 8.13 8.20 8.13 8.00 
15 7.40 7.90 8.22 8.28 8.35 8.40 
16 6.39 6.98 7.70 7.89 8.10 8.27 
17 6.68 7.50 8.13 8.15 8.13 8.07 
18 6.85 7.23 7.90 8.05 8.10 8.15 
19 5.64 6.35 7.33 7.90 8.17 8.20 
20 6.33 7.23 8.10 8.15 8.27 8.32 
21 6.25 6.83 7.78 8.20 8.20 8.12 
22 5.88 6.85 7.78 8.05 8.13 8.17 
23 7.15 7.63 7.98 8.17 8.28 8.25 
24 6.22 7.30 8.10 8.05 8.08 7.89 
25 5.85 6.93 7.90 8.09 8.15 8.12 
26 5.65 6.45 7.73 7.95 7.90 7.88 
27 6.54 7.07 7.58 7.68 7.83 7.84 
28 6.60 7.34 8.10 7.99 8.07 8.07 
29 7.10 7.78 8.15 8.17 8.17 8.17 
30 5.18 5.92 7.43 7.84 8.05 8.10 
31 5.88 6.70 7.85 8.04 8.09 8.07 
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Table AlO. Average pH values (CaCl2 suspension) of soil 
samples collected from the Clarion-Webster site 
in 1971 
Soil depth (inches) i rx. 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 6.85 7.05 7.20 7.31 7.29 7.39 
2 6.68 6.75 6.88 7.11 7.62 7.28 
3 6.87 7.30 7.65 7.70 7.70 7.67 
4 6.48 6.80 7.13 7.29 7.25 7.42 
5 6.33 7.20 7.68 7.68 7.75 7.60 
6 6.05 6.78 7.35 7.35 7.60 7.50 
7 6.95 7.45 7.70 7.77 7.78 7.63 
8 6.53 7.00 7.58 7.68 7.72 7.72 
9 6.80 7.25 7.70 7.78 7.68 7.75 
10 6.25 7.03 7.45 7.70 7.70 7.67 
11 6.13 6.60 7.22 7.42 7.58 7.65 
12 6.20 6.38 7.03 7.32 7.42 7.49 
13 6.35 6.65 7.40 7.63 7.73 7.53 
14 6.10 6.53 7.53 7.60 7.58 7.40 
15 6.80 7.33 7.73 7.73 7.80 7.70 
16 5.77 5.77 7.14 7.41 7.47 7.67 
17 5.83 6.83 7.58 7.67 7.65 7.67 
18 6.33 6.70 7.38 7.55 7.63 7.65 
19 4.92 5,65 6.80 7.40 7.68 7.63 
20 5.68 5.68 6.45 7.50 7.65 7.65 
21 5.65 6.15 7.15 7.63 7.60 7.55 
22 5.25 6.19 7.18 7.63 7.63 7.65 
23 6.53 6.98 7.45 7.58 7.72 7.65 
24 5.47 6.57 7.57 7.65 7.60 7.58 
25 5.23 6.20 7.40 7.69 7.62 7.55 
26 4.95 5.65 7.14 7.58 7.47 7.43 
27 5.87 5.32 6.98 7.23 7.30 7.44 
28 6.00 6.57 7.63 7.68 7.75 7.70 
29 6.55 7.15 7.69 7.76 7.73 7.67 
30 4.53 5.20 6.75 7.53 7.60 7.70 
31 5.25 6.00 7.37 7.67 7.65 7.60 
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Table All. Average pH values (water suspension) of soil 
samples collected from the Clarion-Webster site 
in 1978 
Soil depth (inches) 
•i rt 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 7.02 7.39 7.72 7.83 8.01 8.13 
2 6.93 7.23 7.54 7.80 7.93 8.04 
3 7.44 7.69 7.95 8.14 8.28 8.58 
4 6.87 7.28 7.50 7.65 7.97 8.13 
5 7.39 7.65 7.75 7.88 8.29 8.47 
6 6.73 7.65 7.35 8.05 7.95 8.40 
7 7.23 8.33 8.05 8.14 8.28 8.34 
8 7.15 7.35 7.95 8.11 8.28 8.43 
9 7.35 7.60 7.92 8.12 8.33 8.57 
10 6. 82 7.63 8.04 8.13 8.27 8.45 
11 6.85 7.06 7.50 7.89 8.05 8.37 
12 6.91 7.08 7.73 8.08 8.13 8.50 
13 7.10 7.52 7.97 8.06 8.18 8.54 
14 6.67 7.05 7.88 8.01 8.16 8.30 
15 7.39 7.66 8.06 8.22 8.08 8.43 
16 6.75 6.94 7.67 7.99 8.07 8.36 
17 6.86 7.43 8.02 8.10 8.25 8.37 
18 6.92 6.99 7.58 7.70 8.11 8.43 
19 5.58 6.40 7.50 8.00 8.08 8.32 
20 6.70 7.75 7.95 8.20 8.26 8.32 
21 6.42 6.82 7.43 8.04 8.13 8.46 
22 6.30 7.13 7.99 7.94 8.21 8.39 
23 6.93 7.65 8.05 8.17 8.23 8.38 
24 6.49 6.95 7.96 7.95 8.14 8.35 
25 6.38 7.19 7.82 8.13 8.24 8.42 
26 6.15 6.64 7.62 7.80 7.97 8.25 
27 6.64 6.73 7.63 7.89 7.98 8.22 
28 6.74 7.50 8.03 8.09 8.33 8.48 
29 7.37 7.70 8.05 8.22 8.42 8.50 
30 6.05 6.89 7.15 7.58 8.14 8.47 
31 6.45 7.03 7.58 8.10 8.26 8.48 
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Table A12. Average pH values (buffer) of soil samples col­
lected from the Clarion-Webster site in 1978 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 7.18 7.31 7.37 7.30 7.35 7.44 
2 7.17 7.22 7.32 7.31 7.33 7.43 
3 7.27 7.35 7.40 7.34 7.42 7.45 
4 7.10 7.23 7.32 7.30 7.33 7.43 
5 7.28 7.33 7.35 7.35 7.40 7.45 
6 7.10 7.38 7.27 7.32 7.36 7.45 
7 7.25 7.41 7.44 7.39 7.37 7.45 
8 7.19 7.31 7.42 7.39 7.39 7.45 
9 7.30 7.34 7.40 7.32 7.42 7.45 
10 7.31 7.34 7.45 7.34 7.38 7.45 
11 7.03 7.20 7.38 7.34 7.33 7.45 
12 7.06 7.15 7.42 7.37 7.38 7.44 
13 7.22 7.26 7.44 7.39 7.37 7.45 
14 6.95 7.20 7.42 7.36 7.39 7.45 
15 7.23 7.37 7.40 7.36 7.39 7.45 
16 6.98 7.11 7.34 7.33 7.37 7.45 
17 7.04 7.31 7.44 7.36 7.35 7.47 
18 7.03 7.10 7.32 7.32 7.38 7.45 
19 6.34 6.88 7.28 7.35 7.38 7.45 
20 7.04 7.35 7.47 7.34 7.34 7.45 
21 6.25 6.93 7.26 7.32 7.38 7.45 
22 6.78 7.15 7.30 7.32 7.34 7.45 
23 6.50 7.30 7.42 7.37 7.39 7.45 
24 6.87 7.14 7.42 7.34 7.37 7.44 
25 7.35 7.15 7.40 7.39 7.40 7.45 
26 6.65 6.96 7.32 7.27 7.34 7.44 
27 6.24 6.93 7.33 7.32 7.38 7.45 
28 6.44 7.29 7.43 7.31 7.43 7.45 
29 7.29 7.34 7.49 7.37 7.42 7.45 
30 6.12 6.64 7.20 7.30 7.34 7.43 
31 6.23 7.05 7.29 7.32 7.39 7.44 
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Table A13. Average available P content (Bray No. 1, pp2m) 
of soil samples collected from the Agronomy 
Farm site in 1971 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 27 22 6 4 3 2 
2 18 14 12 5 3 4 
3 350 108 4 2 3 3 
4 640 589 7 6 4 4 
5 672 660 45 13 3 3 
6 67 66 7 3 3 2 
7 115 70 3 4 3 3 
8 527 495 44 6 5 3 
9 5 85 453 46 14 5 3 
10 293 165 43 7 3 3 
11 280 154 8 6 3 3 
12 377 314 23 7 4 3 
13 465 240 8 4 3 3 
14 33 12 11 3 3 3 
15 301 222 37 8 4 4 
16 347 211 19 6 4 3 
17 350 194 8 12 4 3 
18 449 700 30 8 4 4 
19 275 127 5 3 4 4 
20 234 102 21 4 4 3 
21 467 357 15 13 4 3 
22 456 337 5 7 3 4 
23 138 82 5 3 4 3 
24 157 67 7 6 3 4 
25 482 354 9 8 4 4 
26 544 375 92 18 7 5 
27 67 40 23 5 4 4 
28 58 44 7 4 3 4 
29 310 315 24 13 8 5 
30 577 580 44 13 5 4 
31 532 400 22 41 7 4 
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Table A14. Average available F content (Olsen, pp2m) of soil 
samples collected from the Aaronomy Farm site in 
1971 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 13 6 4 0 3 6 
2 13 12 5 0 4 6 
3 191 77 6 1 5 3 
4 357 294 8 0.5 5 3 
5 373 240 56 12 4 6 
6 69 44 5 1 6 4 
7 48 48 6 0 4 4 
8 322 222 34 2 4 5 
9 315 258 36 6 3 7 
10 180 126 3 0.5 4 6 
11 167 110 8 0 4 4 
12 241 198 19 0.5 3 6 
13 316 191 7 1 4 4 
14 23 15 5 1 4 5 
15 236 150 27 0 3 6 
16 209 137 11 1 3 5 
17 176 142 9 1 3 6 
18 428 309 38 8 6 8 
19 165 91 7 1 5 6 
20 152 73 8 0.5 4 5 
21 259 234 59 3 2 5 
22 325 215 10 0 3 5 
23 92 69 4 1 6 8 
24 71 63 3 0 4 7 
25 338 249 31 3 5 6 
26 340 235 49 10 6 7 
27 40 27 5 1 3 6 
28 34 27 8 0 3 5 
29 220 201 36 5 4 7 
30 404 231 34 5 4 4 
31 335 289 32 5 3 4 
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Table A15. Average available P content (Bray No. 1, pp2m) of 
soil samples collected from be Clarion-Webster 
site in 1971 
S Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 25 7 4 3 4 5 
2 26 10 2 4 5 6 
3 340 129 14 4 3 6 
4 710 740 62 18 9 10 
5 630 197 11 6 6 6 
6 118 49 11 5 4 3 
7 124 31 9 4 4 4 
8 555 232 54 6 3 4 
9 415 99 14 4 4 1 
10 202 109 31 6 6 4 
11 227 118 22 8 7 7 
12 360 231 74 33 16 11 
13 372 219 68 23 6 6 
14 17 9 4 4 6 6 
15 219 115 20 5 4 3 
16 322 162 42 12 9 5 
17 300 177 23 6 7 4 
18 587 310 100 18 10 5 
19 250 133 46 14 7 7 
20 186 138 28 8 8 6 
21 475 282 51 4 5 7 
22 340 249 77 10 7 4 
23 97 27 10 6 7 3 
24 128 49 8 6 4 4 
25 560 355 107 10 3 7 
26 660 370 73 9 7 4 
27 29 8 3 3 4 4 
28 33 9 2 5 3 2 
29 317 116 16 5 4 3 
30 700 205 36 11 8 
31 710 470 24 24 3 2 
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Table A16, Average available P content (Olsen, pp2m) of 
soil samples collected from the Clarion-Webster 
site in 1971 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 15 12 8 2 4 7 
2 17 12 8 3 3 6 
3 224 89 19 8 7 8 
4 349 182 49 7 8 8 
5 342 152 13 5 6 7 
6 86 38 11 4 5 4 
7 49 41 7 7 3 8 
8 280 190 46 4 7 o 
9 294 138 17 3 8 5 
10 146 75 27 6 3 6 
11 108 96 15 9 6 6 
12 207 129 47 20 10 12 
13 224 160 55 17 6 9 
14 11 10 7 3 3 6 
15 152 113 19 4 6 6 
16 201 117 29 9 7 6 
17 170 128 20 6 7 6 
18 289 211 61 6 8 7 
19 120 110 31 9 5 8 
20 136 108 24 8 4 7 
21 294 197 48 5 6 5 
22 210 196 63 9 5 6 
23 54 35 9 5 3 5 
24 76 37 12 4 3 4 
25 342 229 58 8 5 9 
26 271 214 66 8 4 5 
27 22 15 7 2 6 6 
28 18 18 8 3 4 6 
29 211 93 19 9 9 6 
30 318 241 107 25 9 11 
31 367 262 90 13 6 5 
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Table A17. Average available p content (Bray No. 1, pp2m) of 
soil samples collected from the Clarion-Webster 
site in 1978 
Soil depth (inches) 
L rz. 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 23 11 4 10 3 2 
2 21 13 6 4 3 2 
3 454 301 12 2 0.5 2 
4 670 408 76 32 19 3 
5 610 276 32 27 3 2 
6 104 54 8 2 3 2 
7 76 37 5 0.7 1 0.5 
8 330 277 38 14 1 1 
9 626 332 48 1 0 1 
10 354 124 37 3 1 1 
11 264 131 31 4 3 2 
12 343 331 70 44 6 5 
13 404 236 17 0.5 2 3 
14 17 9 5 3 2 2 
15 214 100 4 1 0.7 1 
16 397 295 70 15 2 2 
17 302 119 32 2 1 3 
18 642 457 74 58 6 4 
19 306 133 72 23 1 3 
20 248 144 11 1 1 2 
21 548 331 47 42 4 2 
22 504 308 33 18 2 2 
23 112 50 9 2 0.7 1 
24 142 72 23 4 2 2 
25 587 560 36 15 3 1 
26 572 450 74 64 21 5 
27 33 12 3 2 1 1 
28 27 9 4 1 1 1 
29 183 186 9 0.5 2 2 
30 598 5 86 64 55 2 1 
31 690 562 34 22 2 1 
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Table A18. Average available P content (Olsen, pp2m) of 
soil samples collected from the Clarion-Webster 
site in 1978 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 14 8 7 4 3 3 
2 18 10 8 9 2 5 
3 114 104 41 12 5 5 
4 184 135 87 7 29 11 
5 149 117 83 8 2 3 
6 44 44 15 3 6 3 
7 39 27 7 3 2 4 
8 128 118 59 3 4 3 
9 141 124 66 8 6 4 
10 67 69 40 8 2 5 
11 75 79 34 3 3 11 
12 117 109 83 33 3 4 
13 113 102 40 6 2 2 
14 13 10 9 2 2 7 
15 86 79 37 7 2 3 
16 101 117 66 22 6 5 
17 104 105 47 14 4 10 
18 148 128 100 40 11 2 
19 106 75 58 18 13 3 
20 75 65 32 5 3 4 
21 159 204 86 38 4 7 
22 137 124 102 46 10 12 
23 41 38 11 3 2 5 
24 53 43 19 5 2 4 
25 167 145 97 40 11 5 
26 160 131 92 66 24 6 
27 17 8 8 5 4 4 
28 32 9 7 3 4 3 
29 111 74 40 5 2 3 
30 221 222 121 72 11 7 
31 198 206 74 74 15 6 
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Table A19. Average exchangeable K content (pp2m) of soil 
samples collected from the Agronomy Farm site 
in 1971 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 132 84 45 52 43 38 
2 1600 1352 96 60 56 42 
3 781 431 64 46 42 48 
4 144 92 33 37 41 42 
5 1522 1414 144 74 48 42 
6 248 176 43 37 42 41 
7 1192 1076 98 61 48 32 
8 275 145 49 40 63 32 
9 1236 1193 100 69 61 38 
10 573 474 132 52 50 41 
11 921 997 126 62 55 37 
12 543 419 54 48 47 31 
13 1064 841 118 47 59 39 
14 874 759 96 62 39 38 
15 136 93 47 39 39 52 
16 792 729 68 49 43 34 
17 1444 1484 100 100 48 43 
18 821 833 115 52 55 41 
19 561 530 114 39 40 36 
20 914 1029 193 54 55 41 
21 482 535 203 51 46 42 
22 937 892 84 48 39 45 
23 318 337 85 52 44 32 
24 1249 1346 166 55 52 37 
25 370 299 53 44 40 42 
26 1365 1147 254 88 63 46 
27 194 138 73 46 42 39 
28 1381 1476 509 62 45 38 
29 757 721 228 75 47 48 
30 154 93 45 41 49 30 
31 1429 1222 213 59 40 37 
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Table A20. Average exchangeable K content (pp2m) of soil 
samples collected from the Clarion-Webster site 
in 1971 
Soil depth (inches) L L U 
no. 0-6 6-12 12-18 18-24 24-30 30-3( 
1 121 60 47 39 32 36 
2 1324 883 108 61 38 43 
3 797 316 61 40 31 38 
4 106 52 39 39 28 36 
5 1472 779 67 44 31 40 
6 309 101 55 41 33 47 
7 1164 626 76 44 33 38 
8 213 69 38 36 30 27 
9 1124 573 61 41 41 42 
10 541 147 53 38 32 41 
11 1056 665 87 43 26 30 
12 476 172 57 40 31 33 
13 1008 666 95 62 39 36 
14 839 369 52 36 30 32 
15 103 51 37 29 26 27 
16 808 337 61 45 38 40 
17 1408 1017 78 40 32 36 
18 706 225 55 45 35 41 
19 609 296 85 58 36 30 
20 982 642 68 45 33 36 
21 569 273 52 35 27 42 
22 1111 674 80 51 42 39 
23 249 96 53 40 31 31 
24 1230 618 94 49 38 43 
25 256 103 51 48 32 43 
26 1222 1013 111 50 38 38 
27 115 53 37 33 35 36 
28 1416 1319 162 44 28 46 
29 756 315 53 39 36 40 
30 1116 315 49 36 33 31 
31 1486 1237 173 54 30 35 
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Table A21. Average exchangeable K content (pp2m) of soil 
samples collected from the Clarion-Webster site 
in 1978 
Soil depth (inches) 
no. 0-6 6-12 12-18 18-24 24-30 30-36 
1 245 76 46 33 35 32 
2 635 920 256 64 46 35 
3 701 296 57 34 33 32 
4 224 65 45 37 36 29 
5 1114 916 182 42 32 32 
6 365 76 59 50 41 39 
7 819 668 103 37 31 33 
8 375 80 40 33 29 28 
9 1184 782 110 40 36 38 
10 645 161 73 37 33 32 
11 899 409 68 35 27 27 
12 514 128 51 43 30 35 
13 705 355 65 37 30 30 
14 881 345 67 40 30 30 
15 164 57 43 33 30 21 
16 794 305 89 49 53 42 
17 1368 1043 167 51 42 43 
18 633 216 53 36 40 31 
19 802 141 61 41 32 34 
20 988 447 99 40 36 33 
21 686 130 62 40 36 33 
22 1182 460 199 52 44 38 
23 335 91 48 34 31 29 
24 1374 794 183 56 39 35 
25 462 83 53 42 48 42 
26 1328 724 171 56 43 40 
27 234 60 45 30 30 30 
28 1290 939 239 40 42 37 
29 764 317 55 33 27 34 
30 247 78 55 38 30 32 
31 1492 943 397 66 41 37 
